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PREFATORY  NOTICE. 

The  publication  of  a  translation  of  Hermann  MUller  s  IHe 
Befrucktung  der  Blumen,  <S:c.,  will  without  doubt  be  a  great 
service  to  every  English  botanist  or  entomologist  who  is  interested 
in  general  biological  problems.  The  book  contains  an  enormous 
mass  of  original  observations  on  the  fertilisation  of  flowers,  and 
on  the  part  which  insects  play  in  the  work,  given  with  much 
clearness  and  illustrated  by  many  excellent  woodcuts.  It  includes 
references  to  everything  which  has  been  written  on  the  subject; 
and  in  this  respect  the  English  edition  will  greatly  exceed  in 
value  even  the  original  German  edition  of  1873,  as  Mliller  has 
completed  the  references  up  to  the  present  time.  No  one  else  could 
have  done  the  latter  work  so  well,  as  he  has  kept  a  full  account 
of  all  additions  to  our  knowledge  on  this  subject.  Any  young 
observer  who,  after  reading  the  whole  or  part  of  the  present  work, 
will  look,  for  instance,  at  the  flower  of  a  Salvia,  or  of  some 
Papilionaceous  or  Fumariaceous  plant,  or  at  one  of  our  common 
Orchids,  will  be  delighted  at  the  perfection  of  the  adaptations 
by  which  insects  are  forced,  unconsciously  on  their  part,  to  carry 
pollen  from  the  stamens  of  one  plant  to  the  stigma  of  another. 
Design  in  nature  has  for  a  long  time  deeply  interested  many  men, 
and  though  the  subject  must  now  be  looked  at  from  a  somewhat 
different  point  of  view  to  what  was  formerly  the  case,  it  is  not 
thus  rendered  the  less  interesting. 
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Hermann  Miiller  has  by  do  means  confined  his  attention  to  the 
manner  in  which  pollen  is  carried  by  insects  or  other  animals 
from  plant  to  plant,  for  wind -fertilised  flowers  have  been  carefully 
described  by  him ;  and  several  curious  transitions  from  the  one 
state  to  the  other  are  noticed.  He  has  also  attended  raoi'e  closely 
than  any  one  else  to  the  many  contrivances  for  self- fertilisation, 
which  sometimes  co-exist  with  adaptations  for  cross-fertilisation. 
For  instance,  he  has  discovered  the  singular  fact  that  with  certain 
species  two  kinds  of  plants  are  regrilarly  produced,  one  bearing 
inconspicuous  flowers  fitted  for  self-fertihsatJon,  and  the  other  kind 
with  much  more  conspicuous  flowers  fitted  for  cross-fertilisation. 
The  flowers  on  the  first-mentioned  plants  serve  the  same  end  as 
the  curious  little  closed  cleistogaraic  flowers  which  are  borne  by  a 
considerable  number  of  plants,  as  described  and  enumerated  in  the 
present  work. 

There  is  anotlier  interesting  feature  in  the  Bffruckliing,  by 
which  it  diS'ers  from  all  other  works  on  the  same  subject ;  for  it 
includes  not  only  an  a^^count  of  the  adaptation  of  flowers  to  insects, 
hut  of  different  insects  to  diS^erently  constructed  flowers  for  the 
sake  of  obtaining  their  nectar  and  pollen. 

Any  one  who  will  carefully  study  the  present  work  and  then 
observe  for  himself,  will  be  siire  to  make  some  interesting  dis- 
coveries ;  and  as  the  references  to  oil  that  has  been  observed  are 
so  complete,  he  will  be  saved  the  disappointment  of  finding  that 
which  he  thought  was  new  was  an  already  well-known  fact.  I 
may  perhaps  be  permitted  here  to  mention  a  few  points  which 
seem  to  me  worthy  of  further  investigation.  There  are  many 
inconspicuous  flowers  which  during  the  day  are  rarely  or  never  visited 
by  insects,  and  the  natural  inference  seems  to  be  that  they  must 
he  invariably  self- ferti Used ;  for  instance,  this  is  the  case  with  some 
species  of  TriftDlium  and  Fumaria  which  bear  very  small  flowei-s, 
with  some  species  of  Galium,  Linum  catkarticum,  &v.  Many  other 
such  flowers  are  enimierated  by  Miiller.  Now  it  is  highly  desirable 
that  it  should  be  ascertained  whether  or  not  these  flowers  are 
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visited  at  night  by  any  of  the  innumerable  individuals  of  the  many 
species  of  minute  moths.  A  lepidopterist  while  collecting  at 
night,  if  endowed  with  only  a  small  portion  of  the  indomitable 
patience  displayed  by  Mtiller,  could  ascertain  this  fact.  The 
question  possesses  a  considerable  degree  of  theoretical  interest; 
for  if  these  inconspicuous  flowers  are  never  visited  by  insects,  why, 
it  may  be  asked,  do  they  expand,  and  why  is  not  the  pollen 
protected  by  the  petals  remaining  closed,  as  in  the  case  of 
cleistogamic  flowers?  It  would  perhaps  be  possible  to  smear 
such  small  flowers  with  some  viscid  matter,  and  an  examination 
of  the  petals  would  probably  reveal  nocturnal  visits  by  moths  by 
the  presence  of  their  scales ;  but  it  would  be  necessary  to  prove 
that  the  matter  employed  was  not  in  itself  attractive  to  insects. 
BL  Miiller  gives  long  lists  of  the  several  kinds  of  insects  which  he 
has  seen  visiting  various  flowers  in  Germany ;  and  it  would  be 
interesting  to  learn  whether  the  same  insects  and  the  same  pro- 
portional number  of  insects  belonging  to  the  different  orders,  visit 
the  same  plants  in  England  as  in  Qermany. 

There  are  many  other  subjects  which  it  is  desirable  that  some 
one  should  investigate,  for  instance,  by  what  steps  heterostylism 
(of  which  an  account  will  be  found  in  the  present  work)  originated  : 
and  with  trimorphic  heterostyled  plants  we  meet  with  a  more 
extxaoniinary  and  compUcated  arrangement  of  the  reproductive 
system  than  can  be  found  in  any  other  organic  beings.  In  order 
to  investigate  this  subject  and  several  others,  experiments  in 
fertilisation  would  have  to  be  'tried ;  but  these  are  not  difScult 
and  would  soon  be  found  interesting.  For  instance,  there  are 
some  plants,  the  pistils  and  stamens  of  which  vary  much  in  length, 
and  we  may  suspect  that  we  here  have  the  first  step  towards 
heterostylism ;  but  to  make  this  out,  it  would  be  necessary  to  test 
in  many  ways  the  power  of  the  pollen  and  of  the  stigma  in  the 
several  varieties.  There  exist  also  some  few  plants  the  flowers  of 
which  include  two  sets  of  stamens,  differing  in  the  shape  of  the 
anthers  and  in  the  colour  of  the  pollen;  and  at  present  no  one 


X    '  PREFATORY  NOTICE. 

knowa  whether  this  difference  has  any  functional  signification,  and 
this  is  a  point  which  ought  to  be  determined.  Again,  there  are 
other  plants,  for  instance,  the  common  Rhododendron,  in  which  the 
shorter  stamens  are  more  or  less  rudimentary,  and  it  lias  been 
asserted  that  seedlings  raised  from  pollen  taken  from  the  short  and 
from  the  full-sized  stamens  differ  in  appearance  ;  and  it  would  be 
of  importance  to  know  whether  they  differ  in  their  fertility  or 
power  of  yielding  seeds.  It  would  also  be  interesting  to  leam 
whether  io  the  plants,  already  alluded  to,  which  produce  two 
forms,  one  adapted  for  self-fertilisation  and  the  other  for  cross- 
fertilisation,  the  reproductive  organs  have  become  in  any  degree 
differentiated,  so  that  their  action  would  not  be  perfect  if  the  two 
forms  were  reciprocally  crossed.  Would  a  flower  adapted  for 
self-fertilisation  yield  a  full  complement  of  seed  if  fertilised  by 
pollen  from  one  adapted  for  cross-fertilisation ;  and  vice-vtrsA  with 
the  other  form  ? 

But  it  would  be  superfluous  to  make  any  fiirther  suggestions. 
These  will  occur  in  abundance  to  any  young  and  ardent  observer 
who  wiR  study  Muller's  work  and  then  observe  for  himself, 
giving  full  play  to  his  imagination,  hut  rigidly  checking  it  bv 
testing  eaeh  notion  experimentally,  If  he  will  act  in  this  manner, 
he  will,  if  I  may  judge  by  my  own  experience,  receive  so  much 
pleasure  from  his  work,  that  he  will  ever  afterwards  feel  grateful 
to  the  author  and  translator  of  the  Befruchtung  der  Blumen. 


CHAHLES  DARWIN. 
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PART   I. 

HISTORICAL  INTRODUCTION. 

It  was  not  until  the  close  of  last  century  that  the  true  purport         * 

and   significance   of  flowers  hegan  to   be   perceived.      Christian 

Conrad  Sprengel  seems  to  have  been  the  first  to  view  the  subject 

in  the  light  of  adaptation,  and  to  show  how  all  the  colours,  scents, 

and  singular  forms  of  flowers  have  some   useful  purpose.     His 

book  struck  out  a  new  path  in  botanical  science,  and  its  title,  The 

Secret  of  Nature  in  the  Form  and  Fertilisation  of  Flowers  Discovered,^ 

shows  that  the  author  was  well  aware  of  the  importance  of  his 

discoveries.     Setting  out  with  the  conception  of  a  "  wise  author  of 

nature  who  has  not  created  one  hair  without  a  definite  purpose," 

Sprengel  contrived,  by  reflecting  on  apparently  insignificant  facts, 

^  throw   light   on    most   important    phenomena   in  the  life   of 

flowers.     The  gradual  progress  of  his  discovery,  as  he  describes  it 

^  the  introduction  to  his  book,  is  worth  recapitulating. 

The  inconspicuous  hairs  which  cover  the  lower  part  of  the  petals 
^^the  wood  cranesbill  (Geranium  silvaticum,  L.),and  beneath  which 
drops  of  honey  lie  hid,  led  Sprengel  in  the  year  1787  to  the  dis- 
^very  that  most  flowers  which  contain  nectar  are  so  arranged  that, 
^hile  insects  can  easily  reach  it,  the  rain  is  prevented  from  doing 
^ ;  and  he  came  to  the  conclusion  "  that  the  nectar  of  these  flowers 
^  secreted  for  the  sake  of  insects,  and  is  protected  from  rain  in 
^rfer  that  the  insects  may  get  it  pure  and  unspoiled."  Starting 
from  this  conception,  he  next  summer  studied  the  forget-me-not 

'  Das  cntdcckU  Gcheinmifs  dcr  Nalur  im  JJatce  und  in  dcr  Bcfrudilung  dcr  Blumcn 
(Mn:  1793). 
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{_Myosotis  palustris,  L,),  and  speculated  oq  the  meaning  of  the  yellow 
ring  round  tlie  moiith  of  the  corolla,  which  forms  a  pleasing  con- 
trast to  the  azure-blue  of  the  hmb ;  and  he  conceived  tlie  idea 
that  this  might  serve  to  guide  insects  on  their  way  to  the  honey. 
On  examination  of  other  flowers  he  found  that  coloured  dots  and 
lines  and  other  figures  occur  especially  at  tlie  entrance  to  the 
nectaries,  or  point  towards  it,  and  he  was  accordingly  confirmed  in 
this  idea  of  path-fitiders  or  hcribry-guides.  The  next  step  was  easy, 
and  Sprengel  could  scarcely  remain  long  without  perceiving  that,  aa 
the  special  colour  of  one  part  of  the  corolla  serves  to  guide  the 
insect  after  it  has  settled  upon  the  flower,  the  bright  colour  of  the 
whole  flower  serves  to  attract  the  notice  of  insects  while  still  at  a 
distance.  So  far,  Sprengel  Lad  looked  upon  flowers  as  contrived 
simply  for  the  use  of  insects,  but  the  study  of  some  species  of 
iria,  in  the  summer  of  17S9,  led  him  to  the  further  discovery  that 
many  flowers  are  absolutely  incapable  of  being  fertilised  without 
the  aid  of  insects;  and  so  he  concluded  that  the  secretion  of  honey 
in  flowers,  its  protection  against  rain,  and  the  bright  colours  of  the 
corolla  are  contrivances  of  use  to  the  flower  itself  by  bringing 
about  its  fertilisation  by  insects.  Thus  were  laid  the  foundations 
of  a  theory  of  honey-containing  flowers,  which  Sprengel  enunciates 
in  the  following  propositions:  (1)  These  flowers  are  fertilised  by 
some  one  species  of  insect,  or  by  several  species  ;  (2)  the  insects, 
in  approaching  the  honey,  brush  pollen  from  the  anthers  with 
various  hairy  parts  of  tlieir  bodies  and  convey  it  to  the  stigma.  The 
apphcation  of  this  theory  to  the  various  plants  that  came  within 
Sprengel's  reach  led  to  the  production  of  the  above-mentioned 
book,  which  is  marked  throughout  by  a  wealth  of  patient  observa- 
tion and  acute  reasoning.  In  it  the  following  five  features  are 
desciibed  in  several  hundred  species  of  flowers,  partly  native  and 
partly  cultivated,  as  proof  of  the  correctness  of  the  theory  : — 

(1)  A  }tone.y-gIand  or  nectary,  i.e.  a  part  which  elaborates  and 
secretes  honey;  (2)  a  ko?m/-receptaclii,  which  receives  and  stores 
the  honey  secreted  by  the  gland ;  (3)  a  contrivance  to  shelter 
the  honey  from  rain  (.'^//rfwJte) ;  (4)  contrivances  to  enable  the 
insect  to  find  the  honey  eaaily  (Sa/tirutl) ;  bright  colour  and  ex- 
tension of  the  corolla,  odour,  and  above  all  coloured  spots  near 
the  entrance  to  the  honey-receptacles  (jiath-Jiiuk-rs) ;  (5)  the 
impossibihty  of  mechanical  fertilisation,  i.e.  spontaneous  self-fer- 
tilisation, or  of  fertilisation  by  the  wind,  and  in  many  cases  the 
direct  observation  of  fertilisation  by  insects  in  nature.  Sprengel 
discussed  these  five  points  in  numerous  honey-secreting  flowers, 
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and  succeeded  in  explaining  most  of  their  characters  as  contrivances 
for  insect-fertilisation.  His  theory,  although  the  fii-st  effort  in  this 
wide  field,  would  have  afforded  a  satisfactory  key  to  the  chief 
puzzles  of  the  floral  world  had  it  not  contained  a  very  serious  flaw, 
which  Sprengel  was  not  conscious  of,  and  was  therefore  not  in  a 
position  to  remove.  Since  the  conveyance  of  pollen  to  the  stigma 
is  obviously  of  no  benefit  to  the  insect,  the  same  question  should 
have  arisen  even  from  Sprengel's  teleological  standpoint,  which 
nowadays  comes  up  prominently  when  we  consider  his  hypothesis 
from  the  standpoint  of  natural  selection :  "  What  advantage  can  it 
be  to  the  plant  that  its  pollen  should  be  conveyed  by  insects  to 
the  stigma  ? "  For  just  as  according  to  our  modem  views  only 
modifications  which  are  of  advantage  to  their  possessor  can  be  pre- 
served by  natural  selection,  so  from  the  teleological  standpoint 
only  beneficial  arrangements  could  be  ascribed  to  the  all-wise 
Creator.  If  the  conveyance  of  pollen  to  the  stigma  by  insects  is 
of  no  greater  advantage  than  the  direct  contact  of  the  reproductive 
organs  in  the  flower,  then  the  preference  of  the  former  uncertain 
method  to  the  latter  seems  unnecessary  and  capricious,  and  any 
theory  based  thereon  falls  to  the  ground. 

It  is  remarkable  in  how  many  cases  Sprengel  recognised  that 
the  pollen  is  carried  of  necessity  to  the  stigmas  of  other  flowers  by 
the  insect-visitors,  without  suspecting  that  therein  lies  the  value  of 
insect-visits  to  the  plant.  In  veiy  many  plants  Sprengel  had 
observed  that  the  two  sets  of  sexual  organs  in  the  same  flower  are 
not  developed  simultaneously;  to  this  phenomenon  he  gave  the 
Dame  dichogamy.  In  his  introduction  (p.  43)  he  says  expressly : 
"Since  very  many  flowers  are  of  one  sex  only,  and  probably  as 
many  more  are  dichogamous,  nature  seems  to  intend  that  no  flower 
shall  be  fertilised  by  means  of  its  own  pollen,"  and  as  a  proof  of 
this  he  adduces  an  experiment  performed  by  him  on  Hcmerocallis 
fulva,  which  showed  him  that  this  plant  is  not  fertile  to  its  own 
pollen.  So  near  was  Sprengel  to  the  distinct  recognition  of  the 
fact  that  self-fertilisation  leads  to  worse  results  than  cross-fertilisa- 
tion, and  that  all  the  arrangements  which  favour  insect-visits  are 
of  value  to  the  plant  itself,  simply  because  the  insect- visitors  effect 
cross-fertilisation  1 

But  this  omission  was  for  several  generations  fatal  to  Sprengel's 
work,  which  was  otherwise  well  fitted  to  give  a  powerful  impulse 
to  further  research.  For,  both  at  the  time  and  subsequently, 
botanists  felt  above  all  the  weakness  of  his  theory,  and  they  set 
•side  along  with  his  defective  ideas  the  rich  store  of  his  patient 
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and   acute    observiitions   and    liis    compri.-iiensive    and    accurate 
interpretatiuns. 

Instead  of  the  cnrrelation  of  livlug  organisma,  whicli  Sprengel 
had  made  the  subject  of  observation  and  reflection  with  such 
admirable  results,  classification  and  afterwards  anatumy  and 
embryology  occupied  investigators  ho  exclusively  tbat  no  one  ever 
thought  of  continuing  Sprengel's  beautiful  researches  or  of 
testing  their  accuracy.  His  work  reniaineil  forgotten  until  our 
ideas  of  organic  nature  were  fundamentally  changed  by  the  progress 
of  knowledge,  and  until  the  advantages  of  cross-fertilisation,  which 
Sprengel  only  faintly  realised,  were  recognised  anew  and  more 
clearly  through  independent  experiments. 

The  idea  of  independent  creation  of  species,  prevalent  in 
Sprengel's  time  and  so  confidently  stated  in  his  book,  waa  overthrown 
by  progress  in  the  three  departments  of  classification,  embryology, 
and  paleontology  ;  all  three  led  consistently  to  the  conception  that 
the  existing  species  of  plauts  and  animals  must  have  originated 
from  simpler  forms;  and  Darwin's  Oj-igin  of  Species  proved  tba 
point  by  demonstrating  clearly  and  thoroughly  how  actual  forceSj 
were  operating  before  our  eyes  to  modify  living  forms. 

But,  even  before  this  yreat  revolution  in  our  conception  of 
nature,  one  point  which  was  needed  to  make  Sprengel's  theory 
efficient  had  been  clearly  perceived.  A  few  years  after  Sprengel's 
book  appeared,  Andrew  Kuight  (392),  after  soma  experiments  on 
cross-fertilisation  and  self-fertilisation  in  the  pea,  laid  down  the 
law  that  in  no  plant  does  self- fertilisation  occur  for  an  unlimited 
number  of  generations.  But  his  law  received  no  fiirther  atten- 
tion, and  nobody  conceived  the  idea  of  applying  it  in  connection 
with  Sprengel's  theory.  A  like  fate  overtook  Herbert  (334),  who 
summed  up  the  result  of  his  numerous  experiments  in  this  sentence 
"  I  am  inclined  to  think  that  I  have  derived  advantage  from  impreg- 
nating the  flower  from  which  I  wished  to  obtain  seed  with  pollen 
from  another  individual  of  the  same  variety,  or  at  least  from 
another  flower,  rather  than  with  its  own"  {p.  371).  C.  F,  Giirtner 
(259)  was  led  still  more  distinctly  to  the  same  result  by  experiments 
on  Passifiora,  Lobelia,  and  Fiiehsia.  Even  when  Darwin,  in  1857 
and  185S,  published  some  new  experiments  on  Pnpilionaceee  (151), 
which  showed  that  the  aid  «f  insects  or  artificial  imitation  of  th^. 
action  was  necessary  for  complete  fertility,  and  that  crossing  o^ 
separate  plants  was  actually  to  a  great  extent  effected  by  insects,  bi^ 
re-enunciation  of  Knight's  law  remained  ineffectual.  The  chariii 
had  kept  Sprengel's  theories  iuupcrativc  was  only  broken  when« 
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in  the  next  year,  Darwin  produced  his  Origin  of  Species,  and  in  it 
emphasised  Knight's  law  as  a  general  law  of  nature,  placing  it  on 
broader  and  surer  foundations  and  uniting  it  intimately  with  his 
theory  of  natural  selection.  This  theory  showed  for  the  first  time 
the  fiill  value  of  Sprengel's  work,  and  caused  his  book,  which  had 
been  forgotten  for  seventy  years,  to  play  a  prominent  part  in  the 
investigation  of  the  prime  causes  which  determine  the  forms  of 
flowers. 

As  a  foundation  for  the  hypothetic  natural  law  that  "  no  organic 
being  fertilises  itself  for  a  perpetuity  of  generations,  but  that  a 
cross  with  another  individual  is  occasionally — perhaps  at  very  long 
intervals — indispensable,"  ^  Darwin  showed  that  in  all  higher  and 
the  great  majority  of  lower  animals  the  sexes  are  separate,  and 
that  most  hermaphrodite  forms  pair  regularly ;  that,  in  the  experi- 
ence of  breeders  of  animads  and  cultivators  of  plants,  breeding 
in-and-in  diminishes  the  strength  and  the  productiveness  of  the 
offspring,  while  crossing  with  another  breed,  or  with  another  stock 
of  the  same  breed,  increases  both ;  that,  according  to  the  above- 
mentioned  experiments  of  several  botanists,  the  application  of 
pollen  to  the  pistil  of  the  same  flower  is  less  efficient  than  pollen 
from  another  individual ;  that  in  very  many  plants  the  situation  of 
the  reproductive  organs,  exposed  to  the  weather  and  often  liable  to 
injury,  may  be  most  simply  explained  if  we  admit  the  necessity  of 
occasional  crossing;  that,  according  to  his  own  experiments  on 
Papilionacece,  the  exclusion  of  insect-visits  in  many  cases  diminishes 
or  arrests  productiveness ;  that,  as  Sprengel  had  shown  in  many 
cases  and  Darwin  had  confirmed,  self-fertilisation  is  prevented  in 
many  flowers  by  the  relative  positions  of  the  reproductive  organs 
or  by  their  ripening  at  different  times ;  finally,  that  in  no  living 
organism  do  the  structure  or  situation  of  the  reproductive  organs 
prevent  occasional  crossing  with  another  individual  of  the  same 
species.  These  statements,  taken  separately,  were  neither  decisive 
nor  free  from  objection,  but  collectively  they  lent  a  high  de<:;ree  of 
probability  to  Darwin's  hypothesis ;  and  so,  from  its  close  connec- 
tion with  the  question  of  the  origin  of  species  and  the  fundamental 
importance  that  it  therefore  had  for  all  botanical  research,  botanists 
could  not  help  at  once  taking  part  for  or  against  it,  according  to 
whether  they  were  impelled  by  the  general  weight  of  evidence  or 
deterred  by  the  gaps  in  the  chain. 

The  opposers  justly   maintained   that  though   in   the   animal 
kingdom  the  possibility  of  occasional  pairing  might  be  admitted  in 
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the  case  of  the  relatively  few  hermapiirodites  which  generally 
fertilise  themselves,  yet  for  the  majority  the  common  notion  that 
the  flowers  are  fertilised  with  tlieirown  pollen,  either  spontaneously 
or  by  the  aid  of  insects  or  the  wind,  was  as  yet  not  disproved  (cf. 
Treviranus,  742).  Thoy  said  justly  that  the  observations  quoted  to 
prove  the  disadvantt^es  of  breeding  in-and-in  or  of  fertilising  a 
flower  with  it«  own  pollen  were  quite  insufficient,  and  they  called 
for  more  extended  experiments.  Finally,  they  pointed  to  the  not 
rare  occurrence  of  flowers  which  inevitably  fertilise  themselves, 
which  even  remain  closed,  and  yet  which  are  fully  productive,  as  a 
difficulty  in  the  way  of  Darwin's  hypothesis  not  yet  removed.  From 
the  nature  of  the  case,  complete  proof  seems  impossible,  either  for  or 
against  this  law ;  for  neither,  if  it  is  tme,  can  the  necessity  of 
occasional  crossing  be  shown  fur  all  bi-sexual  plants  and  animals ; 
nor,  if  it  is  false,  can  any  lierm aphrodite  which  as  a  rule  fertilises 
itself  be  kept  under  observation  for  an  unlimited  number  of 
generations.  But,  since  the  facts  which  come  within  the  scope  of 
this  law  and  by  which  its  validity  may  be  subjected  to  detaileil 
proof  are  inexhaustibly  numerous,  continued  research  will  either 
bring  the  probability  of  the  law  to  the  verge  of  certainty  or  make 
its  improbability  amtinually  more  conspicuous.  And  so  the 
Knight-Darwin  law  was  admirably  fitted  to  lead  to  numerous 
investigations  of  phenomena  hitherto  left  unobserved,  and  so  to  be 
highly  valuable  in  furthering  our  knowledge,  even  if  in  the  en<l  its 
truth  could  not  be  universally  and  absolutely  affirmed, 

Darwin  opened  these  new  lines  of  investigation  with  bis  own 
incomparable  researches.  A  few  years  after  the  publication  of  his 
Origin  of  Species,  he  showed  by  his  wonderful  book  on  orchids 
that  he  had  by  no  means  affirmed  the  general  tnith  of  Knight's 
law  without  having  engaged  in  special  researches  himself.  For  he 
showed  in  this  work  that  in  almost  all  British  orchids,  and  in  all 
the  foreign  species  within  his  reach,  the  flowers  were  adapted  down 
to  the  most  minute  details  for  in  sect- visits,  in  such  a  way  that 
insect- visitors  could  not  fail  to  carry  the  pollen  to  the  stigmas 
of  other  flowers.  Only  a  few  species  in  which  self-fertilisation 
regularly  took  place  formed  an  exception,  as  yet  unexplained, 
to  this  general  law;  but  since  even  in  these  cases  the  possibiUty 
of  occasional  crossing  was  not  excluded,  they  formed  no  valid 
argument  against  the  Knight-Darwin  law. 

Tliis  work,  freed  from  the  fundamental  flaw  of  Sprengel's 
theory  and  permeated  by  Darwin's  acute  reasoning  and  observation, 
was  a  model  for  the  study  of  the  forms  of  flowers,  and  it  gave 
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a  powerful  impetus  to  further  research  based  upon  Sprengel's 
work.  Even  Treviranus's  well-founded  objection  that  in  most 
orchids,  even  our  native  species,  the  operation  of  insect-visitors  was 
only  concluded  indirectly  from  the  structure  of  the  flowers  and 
had  not  been  directly  observed,  could  not  hinder  this  result  of 
Darwin's  book ;  on  the  contrary,  it  could  only  direct  more  general 
attention  to  the  insects  that  actually  performed  the  work  of 
fertilisation.  A  paper  published  seven  years  later  by  Darwin  (i  59), 
enumerating  the  insects  observed  to  visit  a  large  number  of  native 
orchids,  shows  to  how  great  an  extent  attention  had  been  attracted 
to  this  point. 

Another  line  of  investigation  which  Darwin  initiated  in  the 
same  masterly  way,  was  the  direct  observation  of  differences 
between  the  action  of  pollen  from  the  same  and  from  another 
flower.  It  has  been  already  mentioned  that  Sprengel  instituted 
experiments  on  self-fertilisation  in  the  case  of  Hemerocallis 
fulva,  and  that  he  recognised  that  the  flowers  of  this  plant  were 
not  fertile  to  their  own  pollen,  and  other  instances  of  the  same 
kind,  or  at  least  of  diminished  fertility  upon  self-fertilisation, 
had  been  accumulated  by  other  botanists  as  has  been  already 
explained.  Darwin  collected  these  scattered  facts  and  brought 
them  under  Knight's  law  which  for  the  first  time  revealed  their 
full  significance,  and  at  the  same  time  he  initiated  a  new  method  of 
research  which  placed  the  produce  resulting  from  self-fertilisation 
alongside  of  the  produce  of  cross-fertilisation  in  the  struggle  for 
existence,  and  so  permitted  the  result  of  persistent  self-fertilisation 
to  be  ascertained  under  natural  conditions.  In  numerous  plants 
which  were  found  to  be  fertile  with  their  own  pollen,  he  fertilised 
some  flowers  with  their  own  pollen  and  other  flowers  on  the  same 
plant  with  pollen  from  a  neighbouring  plant  growing  under  the 
same  conditions,  excluding  insect*  with  great  precautions;  he 
allowed  the  resulting  seeds  to  germinate  on  damp  sand  in  the  same 
vessel,  and  then  planted  them  in  pairs  on  opposite  sides  of  the 
same  pot ;  then,  while  all  conceivable  precautions  were  taken  to 
keep  both  sides  under  the  same  conditions,  he  watched  the  growth 
of  the  plants  to  maturity.  The  same  experiment  was  repeated 
with  the  seeds  produced  by  these,  and  was  continued  from 
generation  to  generation. 

In  several  Ciises  {Ipomwa  purpurea,  Mimuhis  lutetis),  the  plants 
resulting  from  cross-fertilisation  showed  even  in  the  first  generation 
a  marked  superiority  over  the  others;  they  were  larger  in  the 
proportion   of  four  to  three  or  oven  thriee  to  two,  they  flowered 
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Insects  which  visit  the  difTerent  kinds  of  flowers  by  turns  in  the 
same  way,  must,  since  the  same  parts  of  their  bodies  always  toncli 
urgans  at  the  same  height  in  the  flower,  effect  cross-fertiJisation 
both  in  dimorphic  and  trimorphic  plants  in  snch  a  way  that 
the  stigma  in  one  form  of  flower  always  receives  pollen  from 
anthers  which  stand  at  the  same  height  in  another  fonn.  Such 
crossing,  which  is  the  mode  commonly  occurring  in  nature  and  in 
which  the  size  of  the  pollen-grain  is  always  proportional  to  the 
length  of  the  style  that  its  tube  has  to  traverse,  was  called  by 
Darwin  legititnaie.  In  dimorphic  heterostyled  plants  there  are 
thus  two  ways  in  which  legitimate  fertilisation  is  possible,  both 
occurring  rogutarly  in  nature,  viz.,  the  fertilisation  of  long-styled 
flowers  with  the  pollen  of  short-styled,  and  vite  versA  ;  similarly 
there  are  in  such  cases  two  kinds  of  illegitimate  fertilisation,  viz., 
long-styled  flowers  with  the  pollen  of  long-styled,  and  short-styled 
with  the  pollen  of  short-styled.  In  trimorphic  heterostyled 
plants,  on  the  other  hand,  six  modes  of  legitimate  cross-fertilisa- 
tion are  possible  and  occur  regularly  in  nature ;  and  there  are 
twelve  modes  of  illegitimate  crossing,  since  each  of  the  three 
kinds  of  stigmas  is  illegitimately  fertilised  if  it  receives  pollen 
from  either  whor!  of  stamens  in  a  flower  of  its  own  form  or  from 
one  whorl  of  stamens  in  each  of  the  other  two.  Now  Darwin 
found,  when  he  tried  all  tlie  four  modes  of  crossing  in  the 
dimorphic  plants  and  all  the  eighteen  modes  in  the  trimorphic 
plants,  and  sowed  the  seeils  from  the  resulting  capsules  ami 
again  crossed  the  off'spring  in  various  ways,  that  only  the  "  legiti- 
mate" crossings  resulted  in  full  fertility,  and  produced  normal 
and  fully  fertile  offspring;  while,  on  the  other  hand,  illegitimate 
crossings  led  to  all  degrees  of  diminished  fertility  or  even 
complete  barrenness,  and  produced  oH"spring  which  had  all  the 
characters  of  bastards  produced  by  the  union  of  distinct  species. 

The  result  of  these  investigations  was  particularly  favourable  to 
Knight's  law,  since  it  proveil  that  in  heterostyled  plants  not  only 
the  occasional  crossing  of  separate  flowers,  but  the  regular  crossing 
of  separate  individuals  was  absolutely  essential  for  the  maintenance 
of  the  species.  At  the  same  time  it  broke  down  the  sharp 
boundary-hne  between  Speci«3  and  Variety  which  had  formerly 
been  supposed  to  be  found  in  the  more  oi'  less  complete  sterility  of 
hybrids  produced  by  crossing  distinct  species ;  iind  it  sliowed,  more- 
over, by  the  complete  resemblance  between  the  offspring  of 
illegitimate  unions  in  dimorphic  and  trimorphic  plants  and  the 
b:istard  offspring  nf  distinct  species,  that  in  the  Intter  st*=rilitybotli 
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at  iirst  and  in  the  bastard  offspring  is  not  due  to  differences  in  the 
general  structure,  but  exclusively  to  a  difference  in  the  action 
of  the  reproductive  elements. 

Attracted  by  Darwin's  brilliant  researches  on  heterostyled  plants 
(1861-1868),  many  other  investigators  have  since  worked  at  the 
same  subject.  Darwin  has  collected  their  results,  controlling  them 
by  his  own  observations  and  experiments  and  incorporating  them 
with  the  results  of  his  later  investigations.  His  book  contains  all 
that  we  certainly  know  as  yet  concerning  heterostyly,  and  treats  also 
as  comprehensively  of  polygamous,  dioecious,  and  cleistogamic 
plants.  It  restricts  the  name  polygamous  to  plants  which-  possess 
male,  female,  and  hermaphrodite  flowers,  and  introduces  the  fol- 
lowing new  terms :  gynodioeciom,  for  plants  which  have  hermaphro- 
dite and  also  purely  female  individuals ;  androdioscious,  for  plants 
which  consist  of  hermaphrodite  and  purely  male  individuals  ;  gyno- 
jnwruzcuncsy  for  plants  which  have  hermaphrodite  and  purely  female 
flowers  upon  the  same  individual ;  andromoruecimcs,  for  plants  in 
which  one  individual  bears  hermiplirodite  and  male  flowers. 

The  most  complete  collection  of  all  the  known  facts  which 
contribute  to  prove  Knight's  law  is  given  by  Darwin  in  his  work 
on  the  Variaiion  of  Animals  and  Plants  under  Dotncsticution,  in 
which  he  suggests  many  new  and  fruitful  lines  of  research ;  but 
the  three  methods  of  investigation  which  Darwin  originally  used 
have  been  the  chief  aids  in  investigating  the  determining  con- 
ditions of  the  forms  of  flowers.  Numerous  observers,  among  whom 
Friedrich  Hildebrand,  Federico  Delpino,my  brother  Fritz  Muller,and 
Severin  Axell  deserve  special  mention,  have  pushed  forward  along 
these  new  paths  that  Darwin  opened ;  they  have  not  only  brought  to 
light  a  mass  of  new  facts,  all  tending  to  elucidate  floral  mechanisms 
on  the  basis  of  the  Knight-Darwin  law,  but  they  have  also  disclosed 
many  new  general  principles.     These  we  may  briefly  review. 

Hildebrand,  in  several  laborious  works,  demonstrated  that  many 
floral  contrivances  which  Sprengel  had  investigated,  but  had 
explained  on  the  theory  of  self-fertilisation,  were  really  adapted 
for  regular  cross-fertilisation ;  and  he  explained  on  the  same 
principle,  and  in  most  cases  figured,  many  forms  that  Sprengel  had 
not  examined.  He  extendeil  the  Ust  of  dimorphic  and  trimorphic 
plants,  and  applied  Darwin's  experiments  to  Primula  siiunsiSy 
Pulmonaria  officinalis,  and  several  species  of  Oxalis;  he  also 
performed  artificial  self-fertilisation  on  these  forms,  and  found  that 
it  led  in  general  to  even  greater  sterility  than  the  illegitimate 
cro88inga.     By  his  experiments  on  Corydalis  cava,  he  showed  that 
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self-fertilisation,  which  cMxurs  spontaneously  in  all  flowers  of  this 
plant,  is  completely  inoperative,  that  even  crossing  of  different 
flowers  ou  the  same  individual  gives  a  very  poor  yield,  and  that 
only  the  crossing  of  separate  plants  results  in  full  proiiue- 
tiveness.  A  powerful  objection  to  the  Knight- Darwin  law 
was  removed  by  this  discovery.  Finally,  in  his  QescMediUr- 
Verlheilung  bri  den  FJlaiizr.n  (1867),  he  has  striven  to  show  that 
tliroughoiit  Phanerogams  cross -fertilisation  of  separate  individuals 
either  takes  place  in  all  cases,  or  does  so  for  the  most  part,  or  is  at 
least  possible ;  and  he  has  given  the  following  classification  of 
phanerogamic  flowers  according  to  the  completeness  with  which 
they  exclude  self-fertilisation  :  — 

A.  Male  anU  feuiale  rirgana  in  ditferent  flowers  (dicUuiiim). 

Cri'SB-fortilii'ation  ensured,  and  effected  by  inBeets  or  bj-  llic 
wind.     Ex.  Caamibif. 

B.  Mule  and  female  organs  in  one  and  the  itaiae  flower  (motincliniiai). 

1,  The  nigans  of  the  two  «cxeH  nut  devchiped  simultaneoiielj  {ilic/iogamt/). 
(ft)  The  male  before  the  female.'     Ex.  Geraniam  jiratenne. 

(fc)  The  ftmale  before  the  male.'    Ex.  Lunula  pUom. 

Self  fertiliaatinn  usually  preveiiled,  and  crotss-fiTtiliwitinn 
effected  by  inseete. 

2.  The  organs  ()f  both  eexon  developed  siinultjineonaly  (homnganii/). 
(if)  Flowers  expanding  (Jloru  c/iasianjami,  Axell). 

I.  Anthers  distant  fi:t>ni  the  etiKina. 
a.  Styles   of   different   lengths  on   different  plniit«   of    the   snme 
Bper.iea    {Ueteroatyly,    Hild.  i    dimorphum   and    triiaorpbiHiu, 
Durwin). 

Self- fertilisation  not  altogether  prevented,  but  either  HHite 
inopcnttive  I^Pulmonana  t^cinalU)  or  yiuMing  little 
result  {Primula  nnrmii). 
$.  Styles  of  the  same  length  in  alt  the  flowers  {RomotUily). 

*  Reprodimtive  oi^an*  changing  their  rehilive  positions  during 
the  flowering  period. 

Self-fertilieation   avoided,   cross   ferlilirtation  effected   by 
insects.     Ex.  Anoda  htiahiln. 
*♦  Reproductive   organs   remain    unchangecl   in  ixwition  dnring 
the  flowering  period. 
I  Tlie  aid  of  insects  neccssnry  for  ferlilisation. 

Self-fHTtilisation  to  a  (j^reat  extent  impossible,  and  cross- 
fertilisation  necessary.  Ex.  Orehiilarae.  Self- fertilisation 

i;alls  this  species  of  di<^hog&my,  malii-/emalii,  or  dwhogamia  aiuirogyiui ; 
Hildebraud,  iirolandnnui ;  Delpino,  prr^ntiuimus. 

*  Sprcngcil  usUb  tbii  spcaiea  of  dichogsmy,  /emale-mate,  or  dtehognmiii  gynandra  : 
Hildebruid,  protogynma;  Delpino.  prolerogynoas.  Delpino  iUstinf(uisheB  two 
v«rietia»,  vii.,  pnteTogifiiia  brachj/Moftigmaiiea,  whera  the  Btignu  sre  short-lived 
aild  witlier  before  the  anthers  ripsn  ;  uid  prolerogyiiia  miKrobioitigiiiiUica,  where 
the  stigmas  rem nin  cspablo  of  fccundiLtion  until  the  anthers  nre  mature,  and  where 
Bonspfiuputlj-  Hflf-fiTtibsntion  remains  ]T™Hililf. 
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to  a  certain  extent  possible,  but  not  necessary  ;  cross- 
fertilisation  more  probable.     £x.  Asclepiadece. 
f  f  The  aid  of  insects  not  essential. 

Self- fertilisation  possible,  but  cross- fertilisation  also  effected 
by  insects. 
II.  Anthers  lying  close  to  the  stigma  ;  self-fertilisation  inevitable. 
*  No  seed  produced  without  cross  fertilisation,  which  is  effected 
by  insects.     Ex.  Corydalis  cava, 
♦*  Seed  is  produce<l  on  self- fertilisation,  but  cross  fertilisation  by 
insects  is  not  excluded. 
(b)  The  flowers  never  expand  {flares  cleistogami^  Kuhn). 

Only  self- fertilisation  occurs,  and  all  cross- fertilisation  is 
excluded  ;  but  the  plants  have  other  flowers  which  open 
and  are  liable  to  cross-  fertilisation.  Ex.  Ojoalis  acetosella. 

Although  the  statements  contained  here  with  reference  to  the 
possibility  of  cross-  or  self-fertilisation  have  turned  out  not  to  be 
universally  correct,  and  although  the  divisions  merge  into  one 
another  by  many  intermediate  forms,  as  Hildebrand  himself 
allowed,  yet  Hildebrand's  scheme  is  very  well  adapted  to  serve 
as  an  artificial  classification  for  the  consideration  of  individual 
cases. 

Delpino  described  the  structure  of  very  many  flowers  belonging 
to  the  most  distant  orders,  showing  them  all  to  be  adapted  for 
cross-fertilisation.  His  descriptions  are  so  clear  and  minute  that 
he  dispenses  to  a  large  extent  with  illustrations.  In  many  cases 
he  has  directly  observed  the  fertilising  agents,  and  he  states  at 
least  the  families  or  genera  to  which  they  belong.  He  has  shown 
that  water  as  well  as  wind,  and  snails  and  honey-sucking  birds  as 
well  as  insects,  play  a  part  in  the  conveyance  of  pollen.  He  has 
shown  in  the  most  diverse  instances  how  the  form  of  the  flower  is 
determined  by  the  special  fertilising  agent,  and  in  several  families 
(Afarcg-raviacece,  Marantacece,  Artemisiacece,  &c.)  he  has  made  happy 
use  of  the  gradual  stages  in  adaptation  to  special  fertilising  agents 
in  order  to  trace  the  mutual  genetic  relations  of  the  members  of 
the  family.  He  has  also  shown  strong  evidence  that  in  many  cases 
the  distributional  area  of  a  species  is  determined  in  the  first 
instance  by  the  presence  of  that  animal  which  the  flower  has 
become  adapted  to  be  cross- fertilised  by.  And  finally,  choosing  the 
various  means  of  transport  for  the  pollen  as  his  basis  of  classifica- 
tion, and  taking  advantage  ingeniously  of  the  almost  complete  want 
of  direct  observations  on  the  cross-fertilisation  of  Cryptogams,  he 
evolved  the  following  scheme  of  the  whole  vegetable  kingdom,  in 
all  of  whose  members  he  also  is  of  opinion  that  cross-fertilisation 
is  either  certain,  or  probable,  or  at  least  possible. 
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I.  Plants  with  Motile  Beprodnctive  Elements 

(Zoo-jatna). 
Fuca/xiB,  Characeaj,  Protoneineie  (Mosses  and  Liverworts),  and 
Proembryonatas  (Ferns,  Horae-uils,  Rhizocarps,  and  Club-mossea), 
w1n*u  antlierozooids,  corresponding  to  the  spermatozooida  of 
animals,  are  endowed  with  spontaneous  movement.  Nearly  allied 
Iai  these  ar«  the  Diatoms  and  CoujugaUe,  in  which  the  whole 
iailividiiiil  is  motile. 


II.  Plants  which  require  External  Aid  to  bring  their 
Reproductive  Elements  together  {Diamesogama:). 

A.  Plants  fertilised  by  the  agency  of  water  {hijdrophlla), 

IJ.    Plants  ffrtiliscd  hy  the  wind  {nncmojihilar). 

C.   Pliuits  I'ertilisei]  by  the  aid  of  small  animals  (zoidiopkih-). 

A.  Plants  Fertilised  b;  the  Agency  of  Water. 
Delpino  subdivides  tbis  class  into  two  : — 

1.  Plants  adapted  for  fertilisation  under  water.  These  require 
fur  eroBB- fertilisation  that  the  stigma  or  tlie  pollen -grains,  or  both, 
should  bo  thin  and  filiform,  and  that  the  pollen  should  beabumlant 
iind  of  like  specific  gravity  to  the  water  (Posuimia,  Cyvwdotxa, 
Zvelrra,  CemtojihyUum,  Florittece), 

2.  Plants  adapted  for  fertilisation  at  the  surface  of  the  water. 
In  llieso  the  pollen  is  specifically  lighter  than  water,  or  is  bomo 
upon  a  floating  raft ;  the  peduncles  of  the  female  flowers  elongate, 
sometinios  aided  by  their  spiral  form,  to  bring  the  flowers  to  the 
surface  of  the  water  {Ruj)j)ui,  Vallisneria). 

B.  Plants  FertiUsed  by  the  Wind. 
The  only  positive  charactcT  common  to  these  is  Iheir  smooth 
and   easily  scattered  pollen ;  the  negative  characters  common  to 
them  are  absence  of  bright-coloured  floral  envelopes,  of  perfume, 
and  of  honey. 

1,  The  Uymnospenns  are  all  wind -fertilised,  and  are  cbarac- 
terised  by  the  absence  of  a  stigma. 

2.  The  anemophiloiis  Angiosperms  have  for  the  most  part 
enormously  developed  stigmas,  which  project  in  the  form  of  long 
tails,  bnisbcs,  taniinir,  or  discs  ;  their  male  flowers  are  very  seldom 
immovable,  bnf,  are  generally  easily  shaken  by  the  wind,  either  the 

of  tho  mjdc  itiHon>si-enco.  or  the  peduncles  of  the  male  tlowers. 
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or  the  filaments  themselves,  being  long  and  pendulous ;  in  some 
cases  the  stamens  are  explosive,  and  project  all  the  pollen  into  the 
air.  The  following  five  varieties  may  be  distinguished  among 
anemophilous  Angiosperms : — 

(a)  Forms  with  catkins,  in  which  the  axis  of  the  male 
inflorescence  is  movable.     Ex.   CorylaSy  Betula, 

(b)  Forms  with  pendulous  flowers.  Ex.  Negundo  fraxinifolmni, 
Rumex. 

(c)  Forms  with  long  stamens.  This  is  the  most  common  variety, 
including  almost  all  Crraminecc,  Cyperaccm,  Juncaceco,  Cannabis, 
Humubis,  Umpetrum,  Mercurialis,  BidmtSy  Plantago,  Zittorella, 
CallUriche,  Myriophyllum,  Sippuris,  the  anemophilous  species  of 
Thalictrurn,  &c. 

{d)  Explosive  forms.     Ex.  Urtica,  Parietaria,  Morus. 
(e)  Forms  with  immovable  flowers.    Ex.  many  Palms,  Potamo- 
getan,  Triglochin,  Sparganium,  Typha, 

C.  Plants  Fertilised  by  Animals. 

These  usually  possess  bright  colours  or  perfumes,  and  supply 
food  to  their  fertilisers.  The  following  classification  has  been 
supplied  to  me  by  Delpino,  by  letter  : — 

I.  Ornithophiljs. — These  plants  are  adapted  for  fertilisation 
by  birds,  which  come  in  search  either  of  honey  or  of  small  insects 
{Trochilidcey  Nectarinia,  etc.).  They  present  several  different  types. 
What  is  known  concerning  them  is  founded  chiefly  on  the  reports 
of  travellers  who  were  ignorant-  of  the  principles  that  should  guide 
their  investigation.  Many  of  them  possess  large  brilliantly-coloured 
flowers,  very  frequently  scarlet,  pouched  in  form,  upright  in  position, 
and  secreting  great  abundance  of  honey. 

II.  Entomophil^. — Plants  whose  flowers  are  adapted  for 
fertilisation  by  insects.  To  this  group  belong  all  our  native  flowers 
which  possess  perfume  or  bright  colours. 

III.  MALACOPHlLiE. — Plants  whose  flowers  are  adapted  for 
fertilisation  by  snails.  (These  have  as  yet  been  observed  by 
Delpino  only.)  The  flowers  are  crowded  so  closely  together,  that 
the  snails  in  creeping  over  them  must  come  in  contact  both  with 
pollen  and  stigmas.  The  plants  are  protected  from  the  ravages  of 
their  voracious  guests,  either  by  secreting  an  acrid  fluid  which  kills 
the  snails  (Alocasia  odara),  or  by  metamorphosis  of  the  perianth 
into  a  thick  fleshy  tissue,  with  whose  destruction  the  snails  are 
content  (Ehodea  japonica). 


r 

■  In  furt 


THE  FERTILISATION  UF  FLOWEHS.  [pakt  i. 


In  further  subdividing  eti torn ophi bus  pknts,  Uelpino  omits  all 
thwee  plants  which  can  be  fertilised  equally  well  by  insects  of  various 
orders,  and  limits  himself  to  forms  which  he  considers  to  be  adapted 
for  particular  insects.     As  such  he  distinguishes : — 

1.  Meliitopkil(^ ;  plants  adapted  for  fertilisation  by  {the  larger) 
bees.  These  have  diurnal  flowers,  with  colours  and  scents  attractive 
to  man  also,  partly  with  concealed  honey  (Salvia  jjrattTisia),  partly 
devoid  of  honey,  and  in  that  case  with  the  pollen  inclosed  within 
the  flower  and  only  becoming  apparent  on  special  treatment 
{Genista  Hnctoria). 

2.  MicromelUtophilte ;    plants  adapted  for  fertilisation   by  the 
smaller  bees  (and  very  many  other  small  insects).     These  flowers 
possess  quite  incomprehensible  attractions  for  their  visitors,  far  t 
more  than  in  any  other  plants  (ffcrminvam  Mcniorchis). 

3.  Myiopkilm ;  plants  adapted  for  fertilisation  by  various 
Diptera.  Their  flowers  present  for  the  most  part  dull  (yellowish, 
wine-red,  speckled)  colours,  their  odour  is  for  the  most  part  disagree- 
able both  to  man  and  to  bees,  and  they  display  either  an  exposed 
Burface  of  honey  or  else  pollen  only  for  their  visitors  {Extonymtn). 

4>.  Micromyiophiltc ;  plants  adapted  for  fertilisation  by  minute 
Diptera.  The  flower  or  the  inflorescence  forms  a  chamber  with 
a  narrow  entrance,  often  a  temporary  prison  for  the  fertilising 
agents ;  honey  is  produced  as  a  thin  adhesive  layer,  or  may  be  absent, 
in  which  case  the  pollen  is  abundant  (Arist'Otochia  ClemcUitis,  Arum). 

5.  SapromyiophUw  ;  plants  a<Japted  for  fertilisation  by  carrion- 
flies  and  dung-flies.  The  flowers  have  a  putrid  smell,  but  the 
other  characters  of  the  group  resemble  those  of  the  Myiophilae 
(Stapelia,  Rafiesia). 

6.  CavihaTophilm  ;  plants  adapted  for  fertilisation  by  beetles. 
These  are  large  diurnal  flowers  of  striking  colours,  affording  con- 
venient shelter,  and  containing  an  exceedingly  large  supply  of 
pollen  besides  occasionally  some  easily  accessible  honey  {Magnolia). 

7.  Pftyckophilm ;  plants  adapted  for  fertilisation  by  diurnal 
Lepidoptera.  These  have  brightly-coloured  diurnal  flowers,  whose 
honey  is  concealed  at  the  base  of  a  very  narrow  tube  (Dianihus). 

8.  Sphingophila: ;  plants  adapted  for  fertilisation  by  Hawk-mothu 
(Sphingida;)  and  Noctuae.  These  have  light-coloured  nocturnal 
flowers,  with  a  strong  sweet  scent,  whose  honey  is  concealed  at 
the  base  of  a  very  long  tube  or  spur  [Loaieera  Capr^olium, 
Platanthera).^ 
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My  brother,  Fritz  Mliller,  has  made  many  interesting  observations 
on  South  Brazilian  plants,  in  all  the  three  lines  of  research  which' 
Darwin  instituted.  His  results  have  been  contributed  partly  to 
the  Jenaische  Zeitschrift  and  Botanische  Zeitung,  partly  to  Darwin's 
Variation  of  Aninuils,  etc,  and  are  partly  published  for  the  first 
time  in  this  book.  He  has  found  in  the  case  of  various  orchids 
that  they  are  not  only  sterile  to  their  own  pollen,  but  even  that 
the  pollen  and  stigma  of  the  same  flower  act  as  fatal  poisons  to 
one  another.  In  various  flowers  (Chamissoa,  Epidendrum)  he  has 
discovered  special  contrivances  in  the  act  of  being  evolved,  and 
especially  in  Posoquei^  and  Faramea  he  has  given  clear  proof 
that  certain  peculiarities,  advantageous  under  the  given  conditions, 
have  by  no  means  attained  their  full  perfection.  The  proof  of  this 
fact  deserves  special  attention  as  a  strong  objection  to  the  teleolo- 
gical  theory.  His  comprehensive  observations  on  Brazilian  orchids 
will,  it  may  be  hoped,  soon  be  published  in  a  special  work. 

Severin  Axell  published  in  1869  a  book  on  the  floral  mechanisms 
of  Phanerogams.  It  contains  a  clear  historical  review  of  the  growth 
of  our  knowledge  of  the  sexual  relations  of  plants,  and  describes 
some  new  investigations  of  floral  mechanisms  and  some  experiments 
on  the  fertility  of  plants  after  self-fertilisation.  It  is  remarkable 
for  divesting  of  a  certain  onesidedness  the  conception  that  had 

flowers  are  adapted  for  cross- fertilisation  by  animals  arc  fully  treated  and  very  clearly 
arranged.     He  distinguishes  : — 

1.  Adaptations  which  atfect  the  senses  of  .si«;ht  and  smell  in  the  fertilising 

agents. 

(a)  Colour. 
{b)  Scent. 

2.  Adaptations  which  affect  the  sense  of  taste  :  the  attractions  of  pollen,  honey, 

and  other  food-materials. 

3.  AiTangcmcnts  which  direct  the  actions  of  the  fertilising  agents,  and  make 

them  more  effective. 

{a)  Increase  of  conspicuousuess  by  hcliotropy,"  the  position  and  gix>uping 

of  the  flowers,  enlargement  of  particular  organs,  etc. 
{h)  The  development  of  certain  parts  convenient   for  alighting  on   or 

standing  on. 
(c)  Arrangements  for  preserving  the  nectar  for  the  use  of  the  fertilising 

agents. 
{d)  Arrangements  for  promoting  the  transfer  of  pollen  from  the  anthers 

to  the  body  of  the  fertilising  agent,  and  thence  to  the  stigmas. 
{e)  Arrangements  for  ensuring  the  transport  of  pollen  from  one  flower  to 

another,  or  from  one  individual  plant  to  another. 
(/)  Arrangements  for  regulating  the  number  of  visits  of  the  fertilising 

agents. 
ig)  Arrangements  for  adapting  the  flowers  to  particular  fertilising  agents. 

Finally,  Delpino  gives  a  classification  of  flowers  according  to  their  different  types, 
of  which  he  distinguishes  forty-seven,  and  he  appends  some  remarks  on  the  fertilising 
^'Dts  of  plants  and  their  habits. 
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become  here  and  there  prevalent  of  the  sigoilicance  of  cross- 
fertilisation;  and  also  for  attempting  to  arrange  all  the  floral' 
mechanisms  of  Phauerogams  in  a  series,  according  to  their  natural 
development  from  leas  perfect  to  more  perfect  forms. 

The  first  impulse  to  the  new  investigation  of  flowers  had  been 
given  by  Darwin's  notion  of  a.  general  taw  that  no  organised  being 
fertilises  itself  for  an  unlimited  number  of  generations,  or,  as 
Darwin  put  it,  that  nature  abhors  perpetual  self-fertilisation.  And 
it  was  natural  that  those  investigators  who  worked  upon  the  lines 
laid  down  by  Darwin  should  look  upon  the  contrivauces  that  were 
favourable  to  cross- fertilisation  and  unfavourable  to  self-fertilisation 
as  so  many  proofs  of  the  truth  of  Darwin's  conjectural  law.  But 
they  neglected  to  consider  those  flowers  which  frequently  or 
regularly  fertilise  themselves;  or,  if  such  flowers  forced  them- 
selves upon  their  notice,  they  were  looked  iipon  as  isolated  excep- 
tions, and  self-fertilisation  was  considered,  in  spite  of  them,  as 
throughout  injurious  to  plants.  For  instance,  Hildebrand  in  1867 
says;  "In  most  plants  self-fertilisation  is  avoided  by  special 
contrivances  or  even  rendered  impossible,  or  if  it  does  take 
place  it  is  at  least  injurious;"  and  in  1869  he  tries  to  prove 
"the  law  of  the  avoidance  of  self-fertilisation,"  and  to  treat  as 
isolated  exceptions  Calceolaria  pirmata  and  Marina  dedans,  in 
which  he  had  found  self-fertilisation  to  take  place  regularly  when 
insect-visits  fail.  Similarly,  in  Dolpino's  writings  until  1869 
the  idea  recurs  in  many  places,  quite  definitely,  that "  nature  in 
general  abhors  self-fertilisation,"!  while  Darwin  had  only  spoken  of 
perpetual  self- fertilisation.  Now  Axell  justly  showed  that  this 
conception  entertained  by  Hildebrand  and  Delpino  was  unfounded, 
for  he  IjTought  forward  in  opposition  to  it  the  facts  that  io  many 
flowers  self-fertilisation  inevitably  takes  place  in  default  of  insect- 
visits,  and  that  he  himself  Ijad  proved  by  experiment  in  many 
cases  that  such  self-fertilisation  results  in  the  production  of  good 
seed ;  further,  that  many  aquatic  plants,  which  under  ordinary 
circumstances  expand  their  flowers  at  the  surface  of  the  water  and 
are  cross- fertilised  by  the  wind  or  by  insects,  remain  closed  and 
submerged  when  the  water  is  unusually  high,  and  in  such  circum- 
stances fertilise  themselves  and  produce  seeds  which  propagate  the 
species;  and  finally,  that  many  terrestrial  plants,  with  irregular 
flowers  which  render  self- fertilisation  impossible,  produce,  instead 
of  these  or  along  with  these,  other  flowers  of  simple  structure 
No.   177,  1',  66,  "L'»Dti™tui  tlia  lie  1b  imtuni  pet  le  aozra 

(issy). 


PART  I.] 


HISTORICAL  INTRODUCTION. 


11) 


which  remain  closed  {flores  ckistogami,  Kuhn)  and  produce  seed 
regularly  by  self- fertilisation.  He  supposed  that  the  existence  of 
cleistogamic  flowers  was  due  partly  (e.g.  Lamium  amplexicanle)  to 
low  temperature,  which  hindered  the  development  of  the  ordinary 
flowers,  and  partly  to  failure  of  the  insects  which  under  normal 
circumstances  effected  cross-fertilisation. 

By  this  explanation,  Axell  rectified  the  conception  that  was  so 
distinctly  uttered  by  Hildebrand  and  Delpino  in  their  earlier 
writings,  viz.,  that  cross-fertilisation  is  advantageous  and  self- 
fertilisation  disadvantageous  for  plants,  by  showing  that  though 
cross-fertilisation  is  better  than  self-fertilisation,  yet  self-fertilisation 
is  infinitely  better  than  absence  of  fertilisation  and  consequent 


Fig   2. — Cleistogaiiiic  and  ordinary  flowers  of  Lamium  atnpUxieauU. 

1-4,  lai^je  ofdinarj  flower,  not  quite  twice  natural  size.  ],  entire  flower;  2,  oblique  view  of 
inoath.  diowiog  aothera  and  stigma ;  8,  upper  part  of  corolla  Just  before  tlie  flower  opeuH  ;  4,  nectary 
(»)  ana  orary  (ov). 

6—10,  amall  eieiatogatnic  flower  (5^  x  5 ;  9, 10,  x  24).  5,  entire  cleintogamic  flower  (Vom  the 
outer  aide ;  0,  corolla,  opened  by  force,  seen  f^om  the  side ;  7.  the  saine,  opened  less  widely,  seen 
from  below ;  8,  coroUa  of  a  cleistoffamic  flower,  unopened,  from  below  ;  9,  essential  organs  of  a 
cleiatogamic  flower  undei:going  selrfertilisation.  two  stamens  having  been  removed  ;  10,  ovary  nnd 
nectary  seen  fh>m  the  front  and  right. 


sterility ;  and  he  also  removed  by  his  elucidation  of  cleistogamic 
flowers  one  great  objection  to  the  Knight-Darwin  law, — the 
argument  which  was  used  against  it  by  H.  von  Mohl. 

Axell  founds  his  attempt  to  classify  all  floral  mechanisms  of 
Phanerogams  in  the  natural  order  of  their  development  upon  two 
laws  which  he  lays  down  as  axioms :  (1)  Nature  strives  to  increase 
as  much  as  possible  the  number  of  individuals  in  each  species; 
and  (2)  she  strives  to  attain  the  greatest  possible  results  by  the 
simplest  possible  means.  If,  instead  of  abiding  by  the  teleological 
stamlpoint  which  personifies  nature,  Axell  had  risen  to  the 
objectiye  conception  of  nature  which  Darwin  founded,  he  might 

c  2 
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have  stated  these  two  laws  somewhat  as  follows  i  (1)  every  speder 
ijf  auimal  imd  plant  has,  in  otherwise  similar  circumstances,  thw 
greater  prospect  of  survival  in  the  struggle  for  existence,  the  mor(| 
uuinerous  the  ofl'spnng  that  it  leaves;  (2)  every  individual  majl 
under  otherwise  similar  conditions,  be  preseiTcd  the  more 
in  the  struggle  for  existence,  the  simpler  its  requirements 
He  would  not  then  have  required  to  state  these  laws  as  axioms 
for  they  are  seen  to  be  immediate  consequences  of  the  theory 
natural  selection.  Starting  from  these  two  laws,  Axell  saw 
every  economy  of  material,  space,  or  time,  an  improvement  ia  t 
mechanism  of  the  flower.  Accordingly  he  considers  the  arraogo- 
ment  in  anemopliilous  flowers  the  most  primitive  and  mi 
imperfect  form  amongst  Phanerogams,  since  it  necessitates 
immense  waste  of  pollen,  which  is  avoided  in  cross-fertilisatioi 
by  insects.  In  both  the  anemophilous  and  the  entomophili 
sections,  Asell  recogmses  a  further  advance  in  the  transition  froi 
dioecious  to  moncecious  and  mouoclinic  forms,  since  in  this  arrangt 
ment  there  ia  not  only  increased  economy  of  material  (fioral- 
envelopes,  pollen),  but  increasing  certainty  of  sexual  reproduction.. 
In  the  group  of  raonoclinie  entomophilous  flowers,  Axell  considt 
that  a  further  advance  is  shown  in  passing  from  dichoganiic 
herkogamic  flowers  (those  in  which  self-fertilisation  is  hindei 
by  the  relative  positions  of  the  parts),  and  from  the 
beterostylic  (dimorphic  and  trimorphic),  and  finally  from  tfai 
to  the  homostylic  plants  with  irregular  flowers  and  again  to  thi 
with  regular  flowers. 

According  to  Axell,  the  forms  which  stand  nearest  to  the  diclinie 
entomophilous  flowers  are  the  dichogaraic,'  as  in  botli  of  th«M 
types  two  insect-visits  are  necessary  for  each  act  of  fertilisatioi^ 
and  many  insect-visits  which  are  paid  successively  to  flowerB  in 
the  same  stage  of  development  remain  useless  to  the  plant 
Among  homogamic  entomophilous  flowers,  the  herkogamic,  ut 
Axell's  opinion,  share  with  the  dichogamio  forms  the  disadvantage 
of  not  being  able  to  fertilise  themselves  in  case  of  need ;  but  thM^ 
stand  one  stage  higher,  since  each  act  of  fertilisation  requires  oal« 
a  single  insect-visit.  This  is  also  the  case  in  heterostylic  form^ 
which  according  to  Axell  stand  yet  a  stage  higher,  since  in  theai 
self- fertilisation,  though  veiy  difficult,  is  not  impossible.     Finallj§ 

'  Amll  bUows  thR  qnile  auronnded  snpposition  that  tlic  coroUn  hegins  to  wither 
iind  the  BiicretioD  of  hoiio?  neueii  u  aocm  ai  pollen  U  applied  to  tLn  stigma  lo  lend 
him  into  the  eqnillj  eiroDGOiu  ooncluBion  that  protcTtmdroos  dicho^tny  only  ig 
pOBsililo  in  untoinophilouR  flonert  i  and  this  oonulunon  \ewia  him  to  iluubt  the 
acunrnuy  of  iiinny  obscrvntions  ivliirh  i\xe  opjKisod  to  hi»  viim. 
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among  homostylic  forms,  in  which  the  possibility  of  self-fertilisa- 
tion is  unchecked,  those  with  regular  flowers  stand,  according  to 
Axell,  on  a  higher  grade  that  those  with  irregular  flowers,  since 
they  permit  the  visits  of  more  various  insects.  Axell  thus  arrives 
at  the  following  order  of  development : — 

A.  Flowers  which  are  fertilised  by  the  aid  of  an  extraneous 

medium  of  transport  (Jlores  chasmogami). 
I.  Anemophilous  forms :   (a)  *  dioecious,  (6)  monoecious,  (c) 
dichogamic  (proterogynous),  (d)  homogamic. 
II.  Entomophilous  forms : 

a.  Self-fertilisation  hindered  by 

1.  Diclinism    )  Two   insect- visits  necessary  for  each 

2.  Dichogamy  j      act  of  fertilisation. 

3.  Herkogamy      .     .     .     .      \  Only  one  insect- visit 
h.  Self-fertilisation  not  hindered,  y     necessary  for   each 

1.  Heterostyly.  2.  Homostyly  j      act  of  fertihsation. 

B.  Flowers  which  fertilise  themselves  without  the  aid  of  an 

extraneous  medium  of  transport  {Jlores  cleistogami). 

If  we  review  the  lines  of  research  above  described,  in  order  to 
get  a  clear  idea  of  which  path  leads  us  most  surely  to  the  condi- 
tions determining  the  forms  of  flowers,  it  becomes  plain  that  two 
different  aims  must  be  kept  in  view ;  these  are  closely  connected, 
and  sometimes  within  certain  limits  mutually  depend  upon  one 
another,  but  they  cannot  be  confounded  without  danger;  viz. 
(1)  the  elucidation  of  floral  mechanisms,  and  (2)  the  proof  of  the 
Knight-Darwin  law. 

Sprengel  kept  in  view  as  the  sole  aim  of  his  researches  the 
explanation  of  the  characters  of  flowers  on  certain  presumptions 
which  were  to  be  justified  by  the  constant  possibility  of  such  expla- 
nations ;  and  his  results  were  singularly  fortunate  so  far  as  was 
pos.<^ible  with  his  teleological  conceptions,  and  without  knowledge 
or  foreshadowing  of  the  advantage  of  cross-fertilisation.  Darwin 
reme<lied  both  flaws  in  SprengeFs  theory,  since  he  not  only  gave 
complete  expression  by  his  theory  of  natural  selection  to  the  new 
conceptions  that  had  gradually  grown  up,  but  he  also  made  the 
definite  statement,  and  took  steps  to  prove  it,  that  the  effect  of 
cross-fertilisation  is  advantageous.  But  he  did  not  content  himself 
with  the  statement  that  cross-fertilisation  leads  to  a  more  vigorous 
offspring  than  self-fertilisation,  which  would  have  sufficed  pro- 
visionally to  explain  the  contrivances  in  flowers,  but  he  laid  down 
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But  wbile  we  must,  on  the  one  hand,  striye  to  Uioit  our 
nssumptioDB  as  much  as  possible,  in  order  to  keep  a  basia  fiilly 
•lemoDstraUe  by  experiment  for  our  conclusions,  we  must,  mi  llie 
ntlier  band,  that  these  conclusions  may  rest  firm,  demand  the 
securest  posdble  establisbment  of  aU  accessible  facts  which  can 
iuflaence  the  mutual  relations  lietween  flowers  and  the  agents 
which  fertilise  them. 

Of  the  i-arious  fertilising  agent^  wind  and  water  are  so  simple 
uxl  regular  in  their  action  that  it  is  easy  to  review  the  <nrcam- 
stancesof  the  case,  taui  to  recognise  how  the  comparatively  simple 
contrivances  in  ancmophilous  and  hydrophilous  plants  are  deter- 
tnioed  by  the  nature  of  the  medium  of  transport.  But  the  insects ' 
I  vhkh  act  as  carriers  of  pollen  are  so  various  in  size,  form,  length 
I  of  proboscis,  food-material,  mode  of  movement,  colour-sense,  Ac, 
their  abundance  depends  on  so  many  conditioa'*,  and  their  viats  to 
particular  flowers  are  so  influenced  by  weather,  the  competition  of 
other  iufeots,  the  attractions  of  other  neighbouring  flowers,  &c., 
that  the  mere  investigation  of  floral  contrivances,  and  the  mere 
genera]  establishment  of  the  fact  that  certain  flowers  are  artually 
VLsited  and  fertilised  by  insects,  can  never  lead  to  a  perception  of 
Uie  primitive  conditions  which  determine  any  specific  peculiarity 
in  a  flower.  Only  when  it  is  accurately  ascertained  for  many 
and  various  flowers  of  the  sam«  neighbourhood  by  what  insects  and 
how  abundantly  by  each  each  species  is  visited,  what  in  each  case 
each  vistor  comes  in  search  of,  how  each  acts  in  its  visits,  bow  the 
dimensions  of  their  bodies  correspond  to  the  dimenaons  of  the 
flowers  (for  instance,  the  length  of  their  proboscis  to  the  length  of 
the  tube  and  spur),  what  parts  of  their  bodies  come  in  contact  with 
the  pollen  and  the  stigma,  and  so  forth  ;  when  further,  for  each  of 
these  flowers,  not  only  the  form,  arrangement,  and  order  of  deve- 
lopment of  the  separate  partB,  but  also  the  area  of  conspicuous 
surfaces,  the  diameter  of  the  entrance,  the  depth  of  the  tube  in 
which  the  honey  lies,  in  short  every  point  which  can  affect  the 
insect-visitor,  has  been  accurately  ascertaine<l — then  only  may  we 
hope,  by  comparing  the  characters  of  flowers  and  their  insect- 
visitors,  to  attain  to  accurate  knowleilge  instead  of  the  mere 
Bumiises  concerning  the  conditions  that  primitively  determine  any 
floral  character. 

It  is  plain  that  in  such  facts  all  previous  investigations  have 
h'ft  wide  gaps.     Even  Delpino,  who  paid  more  attention  than  any 


or  th«  iDcstion,  M  thej  do  not  plaf  ao  iinpcirtuil 
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previous  observer  to  the  insect-visitors,  based  his  generalisations 
upon  far  too  few  observations  of  insect-visits ;  both  his  classifi- 
cation  of  entomophilous  flowers^  and  his  general  conclusions 
concerning  the  fertilisers  of  whole  families  (Compositm,  Boragiiiew, 
&c.)  require  essential  modification.  In  no  single  case  do  the 
observations  hitherto  made  on  anthophilous  insects  suffice  either 
to  explain  the  differences  between  nearly  allied  species  of  flowers 
or  to  settle  the  primitive  conditions  determining  any  specific 
floral  character. 

In  order  to  attain  to  substantial  knowledge  concerning  such 
determining  conditions,  we  must  modify  in  two  respects  the  modes 
of  investigation  hitherto  adopted,  based  upon  the  Knight-Darwin 
law  : — 

(1)  Instead  of  considering  those  flowers  in  which  cross- 
fertilisation  in  case  of  insect-visitors  is  distinctly  insured  or  in 
which  self-fertilisation  is  distinctly  opposed,  we  must  look  upon  all 
entomophilous  flowers  without  exception  as  requiring  elucidation 
to  the  same  degree ;  and  in  each  species  we  must  consider  the 
possible  or  inevitable  occurrence  of  self-fertilisation  in  absence  of 
insects  with  as  much  care  as  the  certainty  or  possibility  of  cross- 
fertilisation  in  case  of  insect-visits. 

(2)  Instead  of  confining  ourselves  to  the  investigation  of  floral 
mechanisms  or  of  at  most  ascertaining  in  a  general  way  by  what 
groups  of  insects  a  particular  plant  is  visited  and  cross-fertilised, 
we  must  consider  the  insect-visitors  with  as  much  care  as  the 
flowers  visited  by  them.  We  must  compile  for  each  species  of 
flower  a  list  as  complete  as  possible  of  its  visitors,  in  order  to  come 
by  wide  comparison  to  a  safe  conclusion  regarding  what  effect 
l)eculiarities  in  colour,  odour,  the  secretion  and  concealment  of  the 
honey,  etc.,  have  upon  insect-visits,  and  so  upon  the  fertilisation  of 
the  plant.  We  must  also  take  note  of  the  way  in  which  the 
insects  are  fitted  to  obtain  their  floral  diet,  and  we  must  try  to 
trace  the  gradual  evolution  of  such  adaptations  through  all  stages, 
since  many  characters  of  flowers  and  of  their  visitors  (e.g,  length 
of  tube  and  length  of  proboscis)  have  been  developed  in  reciprocal 
adaptation,  and  can  therefore  only  be  understood  when  considered 
together. 

This  is  the  path  which  I  have  sought  to  enter  on  in  the  present 
book.  How  far  I  have  succeeded  in  my  task  is  for  others  to 
decide.  To  permit  of  fair  judgment,  I  must  myself  explain  certain 
omissions  in  my  work. 

^  Supra,   p.    l."i. 
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I  have  been  unable  to  pay  equal  attention  to  all  groups  of 
anthophilous  insecta.  I  could  neither  determine  by  myself  the 
minute  flies  and  gnats,  ichneumon-flies  and  their  allies,  aphides 
and  species  of  Meligctkes  and  Tkrips,  nor  could  I  get  them  reUably 
determined  by  others ;  these,  accordingly,  along  with  most  ants 
and  some  saw-flies,  are  referred  to  only  in  general  terms.  Noc- 
turnal lepidoptem  and  raicrolepidoptera  are  left  almost  untouched 
for  another  reason,  viz.,  the  difficulty  of  observing  them  upon 
flowers  in  the  dim  light.  On  the  other  hand,  I  have  paid  close 
attention  to  the  beetles,  the  larger  flies,  bees,  wasps,  and  butterflies, 
and  I  have  determined  their  species  with  the  aid  of  the  entomo- 
logists referred  to  in  my  preface.  But  just  on  accotmt  of  this 
simultaneous  observation  of  so  many  insect  groups,  in  the  case  of 
the  most  frequented  flowers  it  is  probably  only  the  commonest 
Bpecics  that  have  fallen  into  my  hands;  so  that  it  will  be  easy 
for  any  collector  of  a  special  group  to  show  the  most  extensive 
omissions  in  my  richest  lists.  I  indeed  hope  that  this  may  be  done 
on  the  largest  scale. 

In  hastening  to  publish  provisionally  an  account  of  my  researches, 
it  was  further  impossible  for  me  to  follow  out  thoroughly  in  the 
case  of  all  the  groups  of  anthophilous  insects  the  modifications 
which  fit  them  for  a  floral  diet,  and  to  prove  that  such  modiflca- 
tions  have  been  evolved  gradually.  In  the  case  of  bees,  the  most 
intportant  visitors  of  flowers,  I  have  attempted  to  give  such 
proof  in  a  special  work.  In  the  present  book  I  must  limit  myself 
to  giving  a  general  account  of  the  adaptations  of  insects  to  the 
flowers  visited  by  them,  so  far  only  as  seems  essential  for  a  right 
understanding  of  the  actioua  of  insects  upon  flowers. 
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a  in  hiB  work  (17),  publislied  in  lee 
■  knowledge  of   the  eeiual  rektioi 


B  short  review 
of   planlH. 


"  Alihongh  we-meet  even  in  ancient  Greek  and  Riiinan  dutlioDi  with  dim 
loreKliado wings  of  the  sexuality  of  8ome  diclinic  plants,  it  i»  only  towards  tlie 
end  of  the  aevenleenth  ctnlnry  tliat  we  find  tlie  exislence  of  two  sexee  in  the 
higlier  plants  clearly  and  genendlv  acknowledged.  In  16S2,  Nfhemiafi  Grew 
published  hie  book  The  Anatomi/  nf  Planti,  in  which  he  maintained  the 
necoBsity  for  the  pollen  to  act  upon  the  pistil  to  form  the  fruit.  Rud.  Jac. 
Cnmemriiis '  and  S«bastiuu  Vaillant '  strongly  supported  the  new  views,  partly 


K/iiAlaln  lU  « 


n  (TUbiugvn  :  1894). 
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by  experiment,  partly  by  specifying  the  sexual  organs  in  various  forms  of 
flowers  ;  while  on  the  other  hand  Toumefort  *  and  Pontedera  -  tried  to  prove 
that  these  views  were  untenable,  chiefly  from  philosophical  considerations. 
The  contest  may  be  considered  to  have  been  settled  in  its  main  point  by  the 
masterly  collection  of  proofs  of  the  sexuality  of  plants  given  by  Linnaeus 
in  1735.» 

After  it  had  been  shown  that  pollination  is  an  essential  condition  for  the 
production  of  seed,  it  still  remained  to  show  how  the  pollen-grains  are  con- 
veyed to  the  stigma  ;  and  attempts  were  made  to  'elucidate  this  also,  but  with 
less  success.  It  was  of  course  seen  that  in  diclinic  plants  some  external  agency 
must  convey  the  pollen-grains  from  the  male  to  the  female  flowers,  and  the 
whole  effect  was  ascribed  to  the  wind  ;  in  hermaphrodite  flowers,  on  the  other 
hand,  it  was  supposed  that  the  stigma  is  dusted  with  pollen  from  the  same 
flower  without  the  cooperation  of  any  external  agency.  This  had  to  take  place 
either  by  the  anthers  and  stigma  coming  in  contact,  or  by  the  pollen  falling 
down  upon  the  stigma  :  the  former  would  have  to  take  place  either  before  the 
flower  opened,  or  by  movements  of  the  reproductive  organs  *  ;  to  explain  the 
latter,  it  was  laid  down  as  a  general  rule  that  those  flowers  whose  stamens 
overtop  the  style  have  an  erect  position,  and  that  those  in  which  the  style 
overtops  the  stamens  are  pendulous.^  Meanwhile,  since  it  was  observed  that 
many  flowers  contain  honey  and  are  visited  by  insects,  the  idea  arose  that  these 
must  be  of  some  use  in  fertilisation.  It  was,  however,  supposed  that  in  their 
visits  they  simply  shake  pollen  from  the  anthers,^  and  not  that  they  carry 
pollen  from  one  flower  to  another.  The  importance  and  in  many  cases  the 
necessity  of  the  action  of  insects  was  not  at  all  recognised,^  either  in  general 
or  in  any  single  case,  if  we  except  the  observation  of  the  fertilisation  of  Ficua 
carica  by  Chalets  Psenes  (Ficus  in  Amaru  Acad,  i.). 

This  last  observation  stood  for  a  long  time  isolated,  until  in  1761  Joseph 
Gottlieb  Koelreut«r  demonstrated  the  necessity  of  insects*  aid  in  several 
other  cases,  such  as  Cucurhitacea^  JridecB,  SambucuSj  and  Viscum.^  This 
illustrious  man  remarked  also,  that  in  Malvacece,  Epilobiunij  and  Pole- 
numium  {Vorlauf,  Nachr.  p.  34),  self-fertilisation  is  prevented  by  maturation 
of  the  reproductive  organs  at  different  times,  and  that  in  these  plants  the 
pistil  of  an  older  flower  is  fertilised  by  the  aid  of  insects  with  pollen  from  a 
younger  flower.*    In  the  case  of  most  plants,  however,  he  held  to  the  old 


'  JnMUtUi<me8  ret  herbaria^  (Paris :  1 700). 

'  Anthologia,  seu  defloris  naturd  (Patav.  :  1720). 

*  Fundamenta  botaniea  (Amsterdam  :  1 785). 

*  It  was  Yaillant  who  first  observed  this  phenomenoD.  For  the  meaning  which 
was  assigned  to  it,  see  Linnaeus,  De  nuptiis  et  sexu  plant€irum,  1 729,  iii-st  printed  in 
1829;  and  **  Sponsalia  PlarUarunif**  p  46,  in  Amcenitates  Academicce,  i. 

*  Linneus,  loc.  cit.  and  "  De  cseonomid  Katurte,"  in  Aman.  Acad,  L 

*  **  Sponxalia  Planiarum  "  and  **  De  necfariis  flontm,'*  Anwsn.  Acad,  iv. 

^  See,  for  instance,  the  explanation  of  the  act  of  fertilisation  in  Viola  iHcoloi'  in 
".  SpoTualia  PlafUanim,'*  p.  87. 

"  Vorl&ufige  Aaehrichi  von  einigen  das  Oesehlecht  der  Pflamen  hetreffenden  VerRuchen 
und  Beobachtungcn  (Leipzig  :  1761),  and  Fortsetzuruj  der  varldvjigen  NdchrUht 
(Uinzig:  1768). 

'  After  showing  how  well  the  organisation  of  these  ]»lnnts  is  fitted  for  crossing 
Koelrent^r  remarks  :  "  An  id  aliouid  in  recessu  habeat,  quod  hujusceniodi  flores 
numqnam  profnio  suo  pulvere,  sea  semper  eo  aliamm  suie  speciei  impregnentnr 
nierito  ijnieritur.     Certe  natnm  nil  facit  friistm." 
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eijilanation  uf  ft-rtilisalion,  whii^b,  erroneous  as  it  wafi,  waa  n<it  contro- 
verted until  the  appearance  nf  S]iren|j;erB  book  and,  aferwards  still  more 
tliuroughlj  by  F.  J.  Sclielver'  and  August  Henncbel,*  The  reaearches  of 
these  bolaniBla  showed  dearly  Iliat  in  mort  plants  iwllination  of  the  pistil 
18  impoanibte  or  at  least  iinprobiiblK  without  the  cooperation  of  some  external 
Bgent.  The  last  two  authors,  since  they  did  not  ascribe  the  proper  importance 
to  insect- visits,  were  led  into  the  error  of  denying  the  sexuality  of  planls. 
On  the  other  hand,  Sprengel  has  not  only  rendered  the  negative  service  of 
showing,  as  the  othfrs  did,  how  the  prevalent  conception  of  the  mode  of 
fertilisation  is  directly  contrary  to  the  actual  relations,  but  also  the  positive 
service  of  removing  the  last  objection  to  the  seiual  theory  liy  his  theory  of  the 
adaptation  of  flowers  to  fertilisation  by  iiisecla." 

2.  Even  Sprengel  notes  xeveral  inatances  of  incomplete  ailaptaticn  ;  e.g.  on 
jiage  2S9,  "Although  the  flowers  (tyr/mi's  dioira)  being  noclumal  are  not 
adapted  for  humble-bees,  yel  these  make  nse  of  their  nectar." 

3.  Perhaps  F.  O.  Kurr  has  reviewed  most  thoroughly  Sprengel's  obeer\-n- 
lions  in-  his  book  Unlermchungtn  iiher  die  Btdttilung  do-  Ifeklarien  in  dm 
Blumen,  which  is  replete  with  his  own  observations  and  ideas.  But  even 
this  acute  observer*  lets  us  clearly  trace  how  his  ignorance  of  the  advanlai-'e 
of  erosB-fertilisalion  preventeil  him  from  agretiingwith Sprengel's rxplanntion-i, 
and  how,  along  with  Sprengel's  theories,  he  rejected  his  correct  obnenation" 
(f.ff.  in  the  case  of  Campanulay  in  order  to  cling  to  old  errors. 

Severin  Axell,  in  his  above-mentioned  work,  cites  the  follo«-ing  later 
bntntiisla  who  rejected  Sprengel's  distoveries  ;  "  Trevimnus,'  in  upholding  the 
seinalily  of  plants  against  Hensche],  denies  aIto);eUier  that  the  organs  of  ll]c 
two  seies  mature  at  different  times,  and  declares  thiil  the  pollen  and  the  stij^nin 
always  ripen  simnllnnBously ;  Schiiltz-SchiiltKcnHteiu  •  attacks  Sprengel,  nnd 
charges  him  wilU  false  statements;  De  CandoUe'  assert*:  *M,  Conrad 
Sprengel  a  cherch 4  k  d^veloppcr  nes  id ^,  plus  fond^,je  le  crains,  sur  des 
theories  m^taphysiques  que  sitr  la  simple  observation  des  fails  ;'  Mikan 
criticises  him  for  his  description  of  the  apparaltis  for  fertilisation  in  the  violet ; 
even  Robert  Caspary  says,  '  quod  censeo,  non  injuste  did  potest,  inter  omncs 
illas  Sprengelii  observationes,  qiias  certissiitias  profert,  quo  modo  inBe<'ta  flnros 
fccnndent,  ne  unam  quidam  esse,  ci  qnS  certe  coiicludi  posait,  nuUo  alio  niiNlo 
(lores  fecnndari  qnam  auxiliis  inaectorum.'  Robert.  BrottTJ  alone,  in  his 
well-known  paper  (i  14)  on  tlie  fertilisation  of  Aiclejiiadaent  ruid  Orchidaettr, 
confirmed  the  accuracy  of  Sprengel's  statement  that  tlie  aid  of  insects  is 
necessary  for  the  fertilisation  of  these  plants,  allliough  ho,  like  Sprengel, 
failed  to  notice  that  here  cross- fertili8iilic)n  occurs  and  not  self- fertilisation." 

Just  RS,  according  to  these  extracts,  most  botanists  reviewed  oneeidedly 
the  weakness  of  Sprengel's  theory,  and  threw  overboard  the  good  along  Witli 
the  defective  ;  so,  with  equal  onesidednws,  Delpino  and   Severin  Axell  have 

I  KHlil.-  div  Lfhre  ron  dm  OfKlilcflit/m  rf.r  rfinmm  {Hpidi-lhtTg :  ]812). 
'   I'lm  der  Snualiiat  (Breslnu  :  1820). 

'  Cr.  Suvelin  Axoll,  "  (>m  'Ut  fdrgnde  hyllcU  Mi/iM-k  (hr  r/UUn,"  HkI.  Kni;«T 
Tr«lff  h«fl«t,  18«8. 

*  Lbc.  ftf.  pp.  139,  1311. 
'  Ilii-  r^hm  rnm  nmhUehU  d<~r  Pjlanv^  (Br.'mcii  ;  18221, 

•  flic-  Fm-lttflaf^'oO  vid  Srn/lhniiig  dn  I-fiiinifK  (18281, 
f  nrgnHn^miiiir  rftirlnJr,  i.  ji.  .^SR  (i'nlis :  1S27|, 
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raised  up  Sprengers  work  too  high,  and  have  passed  over  in  silence  the  flaw 
which  explains  why  it  remained  inoperative  for  so  many  generations.  Delpino  * 
says  in  regard  to  the  neglect  of  Sprengel, — and  Severin  Axell  ftgrees  with 
him  :  "  It  is  sad  to  witness  this  war  of  error  against  truth,  especially  when 
the  contest  was  begun  by  one  who  lived  subsequently,  and  who,  instead  of 
profiting  by  the  truths  discovered  by  his  predecessor,  only  set  to  work  foolishly 
to  deny  them."  While  fully  acknowledging  the  justice  of  this  opinion,  I 
think  that,  to  be  fair  to  both  sides,  we  must  add  :  Sprengel's  discovery  is  an 
instructive  example  of  how  even  work  that  is  rich  in  acute  observation  and 
happy  interpretations  may  remain  inoperative  if  the  idea  at  its  foundation  is 
defective. 

4.  Darwin  says  in  his  paper  on  the  fertilisation  of  Papilionaceous  flowers 
by  bees  (p.  461) :  "  Andrew  Knight  many  years  ago  propounded  the  doctrine 
that  no  plant  self-fertilises  itself  for  a  perpetuity  of  generations.  After  pretty 
close  investigation  of  the  subject,  I  am  strongly  inclined  to  believe  that  this  is 
a  law  of  nature  throughout  the  v^etable  and  animal  kingdoms."  As  Darwin 
also  mentions.  Knight  had  found  by  experiment  in  the  case  of  the  Pea 
that  more  numerous  seeds  and  more  vigorous  offspring  are  obtained  by  the 
application  of  pollen  from  another  flower  than  by  self-fertilisation. 

»  Sull  opera  •'  La  distrilmzione  dei  sessi,  etc/'  del  Prof,  F,  ffildebrand,  p.  10. 


TUE  IM3ECT8  WHICB   VlSIT   FlOWEHS. 

OOK  native  fiovrers  are  visited  by  examples  of  all  the  main 
dinsiomi  of  iosecte;  but  these  divisions  differ  greatly  in  regard 
to  the  number  of  their  anthophiluus  species,  the  extent  to  which 
these  restrict  themselves  to  flowers  for  their  food,  their  relative 
importance  in  fertilisation,  and  their  special  adaptations  for  the 
work.  And  though,  as  a  general  role,  the  degree  to  which  a  group 
of  insects  is  adapted  structurally  for  a  floral  diet  is  proportional  to 
their  importance  as  fertilisers,  this  does  not  hold  good  always.  In 
the  following  sketch,  our  insect-groups  are  arranged  according  tg 
their  progressive  adaptations  for  obtaining  food  in  floweis. 


Orthoptera  and  Neoroptera. 

TheHC  gruu|>s  contJiin,  at  least  among  o»ir  native  species,  no 
Torm  which  is  habitually  antbophilous,  or  which  shows  any  trace 
of  adaptation  for  a  floral  diet. 

Earwigs  {Forjicula  auricularut,  L)  often  creep  in  the 
daytime  into  flowers  (Campanula,  Pnjtaver,  Twpwolum,  roses, 
pinks,  peonies,  etc.),  whose  softer  parts  they  feed  upon  at  night. 
Uraa.-<hoppers  leap  or  fly  on  to  various  parts  of  plants,  and  so 
o<.'casionally  on  to  the  flowers,  t-o  feed.* 

I  have  seen  a  small  dragon-fly  (Affrion)  settle  repeatedly  on 
flowers  of  Spinta,  apparently  only  to  sun  itself. 

I  have  so  often  seen  species  of  Htmerahim,  Sialis  lutaria,  L., 
and   Panorpa   communis,   L.,   upon   flowers   of  Umbelliferte,  and 

'  Delpino  once  found  ■  flmflll  greea  gnushopper  on  flowera  of  Ofhryi  aranifsra 
( 1 7z).  Darwiu  itatcs,  on  the  authority-  of  Hr.  Swale,  that  in  New  ZeaUnd  MVenI 
Kpeciei  of  erwiihappen  have  been  observed  to  furtiliae  papilionaceons  plants  (151, 

C.  451).   TltU  seenu  to  me  almost  incr^ible.   In  Sonth  Brazil  mf  brother  Fritt  UnHer 
u  fuund  a  pKuilinniiiit,  probably  F,  laiiainiia  (Party  J,  vommon  on  flowers. 
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watched  them  bending  their  heads  down  on  to  the  honey-secreting 
disc,  that  I  could  uot  doubt  that  they  were  feeding  there.  In 
the  summer  of  1855, 1  took  Ascalaphus  macaronius  on  flowers  of 
Umbellifers  in  meadows  at  Laibach. 

The  case  of  Pai%orpa  communis  ^  is  quite  clear,  for  it  even  visits 
flowers  with  more  deeply-seated  honey  (Bosaceae,  Compositae,  eg, 
Eupatorium  cannabinum),  plunging  its  long  beak-shaped  head 
into  the  tubes.  One  might  be  inclined  to  look  upon  this  elongated 
head  as  specially  adapted  for  the  quest  of  honey,  were  it  not  that 
the  little  wingless,  closely-allied  Boreus  hiemulis,  which  never  visits 
flowers,  but  lives  among  moss,*  shows  the  same  peculiarity. 

It  is  also  exceptional  for  Neuroptera  to  visit  flowers.  They 
are  more  abundant  than  the  above-named  Orthoptera,  and 
occasionally  cross-fertilisation  may  be  effected  by  them ;  but 
certainly  no  native  flower  has  been  modified  by  the  agency  of 
either  group. 

Hemiptera. 

In  their  importance  as  fertilisers,  Hemiptera  stand  higher 
than  the  preceding  divisions,  for  in  one  group,  the  bugs 
{Hemiptera  heteroptera,  Latr.),  several  forms  are  habitually 
anthophilous ;  whether  they  possess  corresponding  adaptations  for 
a  floral  diet  is  still  uncertain. 

The  species  of  Antlwcoris  (so  called  from  their  fondness  for 
flowers)  are  fitted  by  their  small  size  to  creep  into  and  suck  honey 
from  very  various  flowers.  I  have  taken  several  undetermined 
species  of  Capsidce  and  Anthocoridce  on  flowers  of  Umbellifera?, 
Compositae,  and  Salix,  seeking  honey  and  dusted  with  pollen, 
I  found  Tdyra  nigrolineata  abundantly  on  flowers  of  Daucus 
Carota  in  Thuringia,  and  I  have  seen  Pyrocoris  aptera,  in  spring, 
thrusting  its  proboscis  (about  four  mm.  long)  into  florets  of  the 
dandelion;  the  underside  of  its  legs  and  body  was  dusted  with 
pollen,  and  it  seemed  to  be  a  regular  and  efficient  fertiliser.  I 
have  seen  no  structural  adaptations  for  floral  visits  in  any  of 
these  insects,  unless  the  small  size  of  Anthocoris  be  of  this  nature ; 
the  long  proboscis  is  found  in  many  allied  forms  which  never 
visit  flowers.  No  flower  has  been  shown  to  be  specially  adapted 
for  the  visits  of  field-bugs,  and  I  know  no  species  for  whose 
fertilisation  these  insects  are  especially  important.  The  structure 
of  their  proboscis  need  not  be  considered. 

'  Panorpa  co-mmunia  is  habitually  carnivorous. 

*  I   have  found  Boreus  hifvialis  repeatedly  among  moss   on  the  Lichtcnaucr 
moiuitaiu,  near  Willebiidessi-n,  but  only  in  the  middle  of  winter. 
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Ooleoptera. 

In  contrast  to  the  foregoiiig  groups,  Coleoptera  afford  uu- 
equivocaJ  adaptations  to  a  floral  diet.  They  are  of  far  greater 
importaQce  as  fertUisers,  for  many  species  in  widely  different 
families  feed  at  times  on  flowers,  and  a  still  greater  numbei' 
confine  themselves  to  such  foo"l  exclusively.  None  of  our 
native  plants  are  fertilised  exclusively  or  even  mainly  by 
Coleoptera;  but  the  large  genus  Mcli^jd/ies  alone,  the  species  of 
which  are  small  and  can  creep  into  most  flowers,  is  of  more 
importance  as  a  fertilising  agent  than  all  the  preceding  groups 
taken  together.  On  the  other  hand,  beetles  do  great  harm  to 
many  flowers  by  nibbling  their  reproductive  organs. 

In  flowers  where  the  honey  lies  fully  exposed  (Umhellifcra^ 
Comaa,  Partiassia),  many  species  of  beetles  may  be  seen  licking 
it ;  and  in  flowers  with  exserted  stamens  and  with  the  honey 
concealed  though  accessible  to  short- lipped  insects  {Rosifim-a-^ 
ComposUoB),  beetles  may  be  seen  lickiug  up  honey,  devouring 
pollen  or  even  the  whole  anther,  or  nibbling  at  the  petals  and 
stamens.  In  flowers  which  have  conspicuous  anthers  but  which 
secrete  no  honey,  or  where  the  honey  lies  too  deeply  hidden, 
(^Ranuncutacem,  Plantago),  the  beetles  feed  upon  the  pollen,  the 
anthers,  and  other  soft  parts  of  the  flower.  Besides  these,  flowers 
which  atiford  shelter  from  winil  and  rain  {CanijiaiLula,  Digitalis} 
are  visited  by  beetles,  which  then  feed  uimn  the  pollen  and  the  siift 
tissues.  In  warmer  countries,  according  to  Detpino  {178, 1.,  p.  234), 
several  flowers  of  this  kind,  e.g.  Magnolia,  have  become  adapted 
for  fertilisation  by  beetles  {Cetoiiia)  exclusively.  Lastly,  we 
sometimes  find  beetles  upon  flowers  which  seem  to  offer  none 
of  the  advantages  above  described,  but  only  allure  by  means  of 
their  bright  colours ;  thus,  for  instance,  Cryptoceph-alus  saiceus 
and  C  Morcti  are  often  attracted  by  the  bright  yellow  flowers  of 
GeJtieta  tindorui. 

A  review  of  the  mode  of  life  of  insects  which  \-isit  flowers, 
and  of  the  families  to  which  they  belong,  shows  continuous 
gradations  from  those  which  never  visit  flowers  to  those  which 
seek  them  iis  a  secondary  matter,  and  finally  to  those  which 
entirely  dcjjend  upon  them.  This  shows  clearly  that  insects 
which  originally  did  not  avail  themselves  of  flowpra  gradually 
,   became   more   and    mori;   habituated    to   a   llund   diet,  and   oiilv 
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became  correspondingly  modified  in  structure  when  they  had 
learned  to  depend  upon  such  a  diet  exclusively :  so  that  the  view 
(defended  by  Delpino),  according  to  which  certain  flowers  have 
been  predestined  for  certain  insects,  and  vice  versd,  is  untenable.^ 

In  the  larval  state  I  have  observed  only  one  anthophilous 
beetle  {Helodes  arcta)  to  affect  a  floral  diet ;  other  beetles,  which 
as  larvae  feed  on  the  parts  of  flowers,  e.g.  the  Apple  Gouger 
{AntJumoinvs  pomorum), .  abandon  flowers  on  attaining  to  the 
perfect  state.  The  larvae  of  beetles  w^hich  are  anthophilous 
when  mature,  are  partly  carnivorous  {Telepkorus,  Trichodes, 
Cocdnella),  partly  feeders  on  putrid  animal  matter  {Dermestidce) , 
partly  feeders  on  living  or  decaying  vegetable  matter  {Bzcprestidce, 
CerambyddcB,  Elateridtey  Chrysomelidcc,  Curcvlicmidce,  Cistela, 
Lagria,  Mordellidce,  Lamellicomia). 

Of  the  carnivorous  larvae,  most  species  of  Cocdnella  and 
Teiephorvs  remain  carnivorous  in  the  perfect  state,  but  some 
(Cocdnella  septempunctatay  C.  Hpunctata,  G,  rmUahilis,  Telephorus 
fuscus,  T.  melanuriis,  etc.)  though  they  do  not  disdain  flesh 
altogether  resort  more  or  less  to  flowers,  and  THchodts  in  the 
perfect  state  restricts  itself  absolutely  to  a  floral  diet. 

In  the  next  group,  larvae  which  feed  upon  putrefying  animal 
matter,  Dermcstes  retains  the  same  habit  in  its  perfect  state, 
never  visiting  flowers,  and  Anthrenns  and  Attagenus  sometines 
do  the  same ;  but  of  these  latter  genera,  the  same  species  which 
under  favourable  circumstances,  e,g,  in  neglected  zoological  collec- 
tions, feed  for  many  generations  on  animal  matter,  without  ever 
leaving  the  cases  whose  contents  they  are  destroying,  in  other 
circumstances  may  be  found  by  hundreds  upon  flowers,  busily 
feeding  upon  pollen  and  honey. 

The  most  perfect  gradations  are  exhibited,  however,  by  those 
families  whose  larvae  feed  upon  vegetable  matter,  as  the  following 
selection  shows:  I  have  taken  no  species  of  Bostrichidoe  on 
flowers ;  of  the  Cnrculi'onidce,  only  a  tiny  part  of  the  family  resort 
(and  then  exceptionally)  to  flowers,  whether  of  the  same  plants 
in  which  they  pass  their  earlier  stages  {Gymnetron  campanulce, 
Larinus  Jaceoe  and  senilis)^  or  of  other  plants  on  which  they 
find  freely  accessible  honey  (e,g.  Otiorhynchns  picipes  on  Gornns, 
species  of  Apion  on  Adoxa  and  Ghrysosplcnmm) ;  the  Ghrysomelidcc, 

^  Cf.  tbe  discussion  of  Delpino's  teleological  conceptions  in  the  fourth  section. 

'  1  have  found  larvre  and  pupae  of  Larinus  senilis,  F.,  at  Miihlberg  in  Thunngia, 
at  the  base  of  the  capitula  of  Carlina  acaulis^  and  the  perfect  insect  on  the  leaves 
and  now  and  thvn  on  the  flowers  of  the  same  plant. 

D 
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developed  to  insure  greater  success  in  the  search  after  food ;  ^  and 
we  can  distinguish  how  a  dependence  on  flowers  has  spning  up  at 
different  epochs  of  time,  for  in  some  beetles  there  has  been  time 
for  the  attainment  of  adaptations,  and  then  for  their  divergence 
to  form  genera  and  families;  while  others,  which  have  acquired 
the  habit  later,  remain  isolated  anthopliilous  species  among  near 
allies  which  never  resort  to  flowers.^ 

Diptera  and  Thysanoptera. 

The  Diptera  stand  on  a  higher  grade  than  the  Coleoptera  in  the 
matter  of  adaptation  to  a  floral  diet,  and  arc  of  far  more  importance 
for  fertilisation.  While  ouly  a  small  fraction  out  of  all  the 
species  of  Coleoptera  resort  to  flowers,  probably  the  majority  of  the 
Diptera  do  so.  While,  further,  the  mouth-organs  of  our  native 
beetles  show  only  commencing  adaptations,  which  extend  at 
most  over  small  families,  and  may  be  easily  traced  by  intermediate 
stipes  to  their  origin,  in  flies  and  gnats  the  mouth  is  so  deeply 
modified  that  it  is  exceedingly  difficult  to  trace  back  its  parts  to 
the  primitive  form  of  the  original  biting  inacct-raouth.^  For  our 
present  purpose  it  will  suffice  to  discuss  the  structure  of  the 
mouthnDrgana  and  the  manner  of  using  them  in  those  Diptera  which 
are  specially  important  as  fertilisers  of  our  native  flowers,  without 
entering  into  questions  of  phylogeny. 

The  family  of  the  Drone-flies,  etc,  (St/rpkidec),  are  alone  of  far 
more  importance  as  fertilisers  than  all  our  other  Diptera  put 
together.  Most  of  their  numerous  and  often  very  common  species 
depend  mainly  or  exclusively  on  a  floral  diet,  and  in  this  family  are 
found  the  most  perfect  adaptations  to  a  diet  altemal-ely  of  poUeo 
and  honey.     Accordingly,  to  illustrate  the  mouth-organs  of  flies,  I 

'  I  havi  fully  ducusaed  the  dcrelopm^nt  of  a  dupendencu  on  flowers  ia  heetles  in 
■  special  wavk.  This  tTeaXs  uf  tha  liiBt  tronsttioa  to  a,  tloval  diet ;  the  proKreM 
towordB  entire  dopcndenca  on  honey  iind  pollen  ;  (ho  Btiidnnient  through  iiractic* 
or  ■  certnin  eue  of  sctiau  upon  flnwers,  and  its  liereditary  tmnsinisaJMi ;  and 
the  trim ilnr  bobsrioiir  ofdifr^rent  beetles  which  hsTescmiiredequnldegTenof  stractural 
adnptation  (H.  Mflllcr,  "Du  EiUiriektluruj  der  BlumenlhatitfieiC  der  Iiiteklen,'* 
KoitinoK,  Bd.  a.,  pp.  268-272). 

-  The  shove  ivIits  only  to  onr  indigcnoas  forms.  Tropiosl  nnd  snbtropitsJ  beetle* 
show  far  more  striking  nilBptntions  to  a  floral  diet.  For  instnnce.  in  a  NemognnUm 
Hhich  my  brother  Fritz  Muller  observed  sncking  Aowna  of  CoutoIvqIqs  at  Itajihj 
and  sent  to  me,  the  maxilTie  are  tranBrormed  into  two  sharp  grooved  hrUtlvs  13  mm. 
long,  which  when  opposed  form  u  tnbe  like  the  probwnis  offt  hntterlly,  bnt  of  ooutM 
not  iai]>iil)!«  of  being  rolled  np (cf.  H.  Muller,  " Ein  K^frrviiC  Schmetierliiidiirilatl," 
Ko-iito-',  Bii.  vi.  pp.  303-304  :  Hunt-ii,  Fmc.  of  the  BiMm  Sot.  of  N<U.  Evt.  vol.  ii. 
pp,  139,  *30,  1880  ;  H.  Muller,  ^amun,  Bd.  i.  p.  59). 

'  I  have  explained  my  view  of  the  descent  of  Diplen  from  Phrgganidic  in  » 
pnpar  entitled  "  Anux'idiing  der  Danna'iKhen  ZWf"  avf  Blvmen  iiiirf  blunt*- 
Mumlinvi'.  Iniirtifn,"  Frrh.  f)',r  Xnliirh.   i'er./Orpr.  Slifi'it.  u.  IValf.  1869. 
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take   the   most  specialised  and   most  abundant  of  the  Syrpkidce, 
Srialalis  and  Shingia. 

Id  Erisialis  the  outstretched  praboscis  is  seen  to  be  composed  of 
three  segments  (Fig.  4,  4,  5,  6,  and  Fig.  5,  I) :  (1)  the  mem- 
branous basal  piece  (j/),  which  bears  anteriorly  two  unpaired  (A,  f) 
and  two  paired  (k  k)  elongated  chitinous  pieces,  and  external  to  the 
latter  two  palps  (I  I) ;  (2)  the  membranous  anid  very  contractile 
middle  segment  f/},  only  clearly  separated  on  the  lower  surface  ; 
and  (3)  the  extremity  of  the  proboscis,  supported  beneath  by  a 
stilf  chitinous  plate  (c),  and  bearing  at  its  apex  two  contiguous 


Flo.  4— Uouth -puliior  EHilolif  (7 

I.— Head  of  S.  mriiulanim  with  ntnctad  pntboicl*.  from  tlic  i 
t.— Ditto,  Ihini  bcIOH. 

S.— Dttto.  with  trtended  probotdi.  froin  ibore. 
C—Kxtoided  praboKia  or  E.  tcnam,  bom  Ou  ildc. 
E.— ratio,  trnm  below. 
a— Ditto,  Irom  tbon. 

<»BjB;  bt,  Bntauue;  tc,  end-llApsof  prol>tiKl«;  e' 
— «r«hl«of  ttapoliitif  tlMI  probnteli ;  -  "■ — " "• 


Bpparild«or  t 
tM  pfobtadi: 


la  pfKS  on  the  onder  aide  o 


^. - tiz; 

tM  pfobowdi :  /,  uoitnctlle  middle  pan  of  ttas  pniboafla ;  a,  cDntractile  but  of  pioboai 
npiwr  Up  naftnaO.  gKXiT«d  undBnmtG  to  ihsIts  the  unpaired  pirce  (O.  which  prcbablTiepi 
tfctwoIliWiiiaiidftilcal  t,niaillU;  J,  muilluT  palp  ;  •■  ■■.  edgri  of  ttie  cavl^  OD  the  nod 


"SLm 


of  the  had'lnlii  which  the  whole  pioboadi  la 

flaps  or  lips  each  of  two  parts  (c  c  and  c'  c'),  and  on  its  upper 
surface  a  longitudinal  groove.  Of  the  chitinous  pieces  at  the 
end  of  the  first  segment  of  the  proboscis,  only  the  superior  un- 
paired one  (A),  which  is  prolonged  under  the  membrane  to  the  head, 
can  be  looked  upon  as  an  upper  lip  {lahi-um);  the  lower  one  (i)  seems 
to  be  formed  by  coalescence  of  the  two  mandibles.  The  upper  lip 
(A)  forms,  with  its  concave  side,  a  groove  directed  downwards  into 
which  the  piece  i  can  be  completely  withdrawn ;  between  the  hasrs 
of  these  pieces  A  and  i,  when  drawn  wide  apart,  the  small  opening 
of  the  mouth  can  be  seen.     The  free  ends  of  the  two  chitinous 
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pieces  k  k  arise  on  each  side  somewhat  below  the  coalesced  man- 
dibles (ii),  and  bear  palps  on  their  outer  sides ;  these  are  there- 
fore, without  doubt,  to  be  looked  upon  as  the  maxillae  with  their 
palps,  while  the  basal  parts  of  the  maxillte  have  coalesced  with 
the  base  of  the  lower  lip  (jj)  (lahium),  and  arc  dimly  visible  below 
the  skin  (+,  I',  Fig.  4).  The  contractile  piece  (/)  and  the_  piece 
supported  by  the  chitinous  plate  («).  form  together  the  free 
superiorly- grooved  anterior  part  of  the  lower  lip;  /  and  c 
probably  represent  the  submentum  and  mentum.  The  flaps 
(cc)  are  probably  not  the  palps  but  the  modified  paraglossa; 
borne  on  the  ligula,  though  Burmeister  prefers  to  consider  them 
as  labial  palps. 

Let  us  now  consider  how  these  structures  are  disposed, 
(1)  when  feeding  on  pollen  ;  (2)  when  sucking  honey;  (3)  when 
at  rest. 

(1).  In  feeding  on  pollen,  the  fly  stretches  out  its  extensible 
proboscis,'  moving  it,  according  to  need,  straight  forwards,  out- 
wards, or  upwards,  grasps  with  the  two  flaps  at  its  extremity  a 
little  mass  of  pollen,  rubs  this  down  to  single  grains  by  a  rapid 
motion  of  the  flaps,  and  passes  it  backwards  by  the  same  motion 
into  the  groove  on  the  lower  Up ;  in  this  groove  lies  the  upper  lip, 
which  is  grooved  below,  and,  ■within  that,  the  chitinous  pieces  which 
are  presumably  formed  by  coalescence  of  the  mandibles,  and  are  now 
prepared  to  seize  the  pollen.  As  soon  as  the  pollen  is  sent  back- 
wards by  the  terminal  flaps,  these  chitinous  pieces  separate  slightly 
the  parts  which  immediately  surround  the  mouth-orifice,  seize  the 
pollen  now  lying  in  the  groove  of  the  lower  lip,  and  thrust  it 
backwanls  into  the  mouth.  After  a  few  seconds  the  first  portion 
is  swallowed,  and  the  same  series  of  actions  begins  anew.  Wlien  the 
pollen-grains  are  united  into  long  strings  by  elastic  threads,  as  in 
(Snothcra,  an  action  of  the  forelegs,  alternating  with  the  movements 
just  described,  is  necessary  in  order  to  free  the  pollen-grains  from 
the  threads,  After  the  fly  has  torn  away  a  little  mass  of  pollen 
from  the  anther,  it  brings  up  its  forefeet  to  its  moutli  while  stand- 
ing on  its  mid  and  hindlegs ;  then  taking  the  cord  of  elastic 
threads  between  its  forefeet,  and  rubbing  them  together  as  if 
washing  its  hands,  it  tears  the  threafls  asunder,  and  frees  proboscis 
and  legs  from  tiiem.  Sometimes,  to  clean  the  terminal  flaps  from 
adhering  pollen,  it  takes  its  proboscis  in  its  forefeet,  and   rubs  it 
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gently  between  them.  A  remarkable  peculiarity  of  the  flaps, 
shown  in  Fig,  5,  makes  them  admirably  adapted  for  seizing  the 
pollen,  for  grinding  it  down,  and  for  passing  it  backwards ;  the 
apposed  surfaces  of  the  two  flaps  being  closely  set  with  parallel 
ridgea  of  chitin,  by  which  the  pollen-grains  are  easily  held  fast,  and 
shored  into  the  entrance  of  the  groove  {d). 


Kia.  S.— ProboBcli  uf  EriilatU  (fluu,  more  Ughly  mtgnlBed. 

1.— nie  gitatet  p«rt  ot  the  probostls  ot  ErUtelti  (mm,  L.,  with  the  flspa  applied  toeether. 
M  maatfa  puU  >lli[btlf  Mpuited  ;  Ken  tVoin  Kbote.  Wbsn  the  plecei  Jl  and  t  are  depresied  In 
Kun  d,  tht  month  pirta  tn  [n  the  poaltlon  for  feediDK  nn  pollen. 

1.— Tlie  end  of  the  «»mo  pnibOBcii  with  the  flsps  aepurftled  lo  aho"  the  chlllnona  rldgea  on  t 

Lettttjng  u  In  the  preceding  Osait. 


This  peculiarity  is  undoubtedly  developed  in  connection  witli  a  ■ 
pollen  diet,  for  it  is  obviously  advantageous  thereto ;  and  it  is  only 
found  in  those  families  of  Diptera  which  visit  flowers  to  obtain 
both  pollen  and  honey  {Syrpkidw,  Mtiscidce,  Stratiomyidw),  and  is 
absent  in  those  which  avail  themselves  of  honey  only  {Bombyliidce, 
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Empidm,  and  ConopMct),  and   in  the  gnats,  wliicli  are  also  purely 
suctorial.' 

(2).  In  sucking  honey  the  Syrphidin  place  the  grooved  upper  lip 
{A,  1,  Fig.  5),  and  the  chitinous  piece  (i)  together,  to  form  a  tube 
which  is  inclined  downwards  and  inclosed  within  the  groove  on 
the  lower  lip.  The  termitial  flaps  may  now  be  useful  in  two  ways ; 
they  may  either  be  laid  close  together  (as  in  1,  Fig.  5)  while  the 
membranoua  middle  joint  (/)  of  the  lower  lip  is  so  far  drawn  in  that 
the  suctorial  apparatus  inclosed  lyithin  the  groove  of  the  lower  lip 
protrudes  in  front  of  the  flaps  and  dips  into  the  fluid  to  be  sucketl ; 
or  they  spread  out  the  flaps  wide  apart  so  that  their  rough  inner 
surfaces  rest  upon  the  support,  and  the  point  of  the  suctorial 
apparatus  protrudes  at  the  end  of  the  groove  on  the  lower  lip. 
Flies  witli  swollen  cuali  ion-shaped  flaps  {Syrphus  laltcatus.  Fig.  7) 
act  usually  in  the  latter  way,  those  with  long  narrow  flaps  (^Rhirtyia, 
Fig.  6)  adopt  exclusively  the  former.  Both  pollen-grains  and  fluid 
which  have  been  carried  into  the  tube  formed  by  the  chitinous 
pieces  A  and  t,  are  aided  in  their  passage  to  the  mouth  by  means  of 
the  sucking  stomach  in  connection  with  it.  The  maxillie  and  their 
palps  seem  to  play  no  part  either  in  sucking  or  in  feeding  on 
pollen,  and  hence  must  be  looked  upon  as  useless  appendages  in 
the  Syrpkidct: 

(3).  To  guard  the  proboscis  when  at  rest,  the  fly  draws  Ihe 
membranous  basal  piece  g  backwards  and  downwards,  the  upper  lip, 
mandible,  and  maxillae,  with  their  palps  fold  upwards,  the  contrac- 
tile middle  piece  (/)  is  closely  drawn  up,  forming  a  few  membranous 
folds  at  Ihe  lowest  part  of  the  proboscis,  the  homy  plate  (c)  and  the 
flaps  (c)  fold  upwards  and  forwards,  and  the  whole  proboscis  now  lies 
so  deeply  hidden  in  the  deep  cavity  underneath  the  snout-like 
prolongation  of  the  head  (»t,  1,  2,  Fig.  4),  that  at  most  the  terminal 
flaps  protrude  slightly  (1,  Fig.  4).  On  examining  the  heail  now 
from  below  (2,  Fig.  4)  one  sees  in  the  cavity  only  the  flaps  c  c', 
and  beneath  them  the  upper  part  of  the  chitinous  plate  (f),  whose 
lower  part  lies  hidden  in  the  folds  of  the  conlractile  part  of  the 
proboscis. 

A  further  advance  on  these  adaptations,  fitting  them  still  more 
completely  for  their  threefold  requii-ements,  is  conceivable,  if  to 
a  still  more  elongated  proboscis  there  is  added  a  greater  develop- 
ment of  the  snout-like  prolongation  of  the  head  which  covers  it 

observeii  th«  Tabavidic  to  feed  on  jinllen,  though  their  eDit-flajis  are 

...    'ith  ohititiruB  ridgea  ;  but  I  hnvs  often  found  Tabanut  micanii  and  T. 

VundvB  on  Roiccra,  and  t  think  it  not  nnlikr^l;  that  thej-  aometimes  feed  an  pollen. 
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when  at  rest.  Such  a  state  of  things  is  found  in  Ehingia,  where 
the  proboscis  (11  to  12  mm.  long),  exceeds  in  length  the  whole  body 
(10  mm.),  and  is  not  surpassed  by  that  of  any  indigenous  fly.^ 

In  anthophilous  insects,  the  power  to  detect  hidden  honey  ad- 
vances parallel  to  the  structural  adaptations  for  securing  it.  When 
Sprengel  described  flies  as  stupid  insects,  incapable  of  finding 
out  honey  which  lay  concealed,  that  statement  applied  to  the  great 
majority  of  short-tong^ued  forms,  but  not  at  all  to  forms  with 
long  proboscides,  such  as  the  Si/rphidce,  Bonibyliidoc,  Conapidx,  and 
£fnpidcB, 

Bhingia  takes  a  foremost  place  in  intellectual  acuteness,  as 
in  the  length  of  its  proboscis,  and  there  is,  I  think,  no  flower 
which  affords  honey  attainable  by  it,  that  it  does  not  discover 
and  make  use  of.  For  instance,  the  deeply-hidden  nectaries 
of    the   Iris  are    more    frequently   visited    by   Rhingia    rostrata 


Fig.  6.— Proboscis  of  Bkingia  ro*trata,  L 

1  .—Side  view  of  head  with  retracted  proboscis. 
S.— Ditto,  at  the  moment  when  the  proboscis  begins  to  unfold. 
9.— Ditto,  with  taWj  extended  proboscis. 

4.~Head,  with  retracted  proboscis  seen  flrom  below,  twice  as  much  magnlfle<l  as  in  the  three 
find  figures. 

Lettering  as  in  Fig.  2. 

than  even  by  humble-bees,  though  Sprengel  (p.  74)  considers 
that  no  insects  save  bees  can  find  them,  and  adds  that  this 
goes  wiJ;hout  saying  in  the  case  of  flies,  which  are  so  obviously 
too  stupid. 

But  even  in  the  Syrphidm,  only  a  few  species  have  acquired  so 
highly  specialised  a  proboscis  as  Eristalis :  the  great  majority  have 
a  proboscis  formed  on  a  similar  plan,  shown  in  Fig.  7.  The  labium 
is  much  shorter,  its  extensible  middle  joint  is  wanting,  the 
terminal  flaps  are  swollen  and  cushion-shaped,  and  there  is  a 
corresponding  diminution  in  intellectual  power.  Of  the  families 
of  Diptera  besides  Syrphidmy  the  ifuscidce,  Stratimnyidce,  Bombyliid(€f 
Conopidce,  and  JEmpida'  are  of  some  importance  in  the  fertilisation 

^  Bomhy lilts  discolor,  Mik.,  alone  equals  it  in  the  length  of  its  proboscis  ;  Bombyliva 
wu^or^  Ik,  approachei)  it  QO  mm.) 
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forwards.  The  labrum  itself  is  drawn  out  into  a  stiff,  fine  point. 
Both  the  labrum  and  the  united  mandibles,  held  between  the  long, 
narrow  end-flaps  (parajlossw),  may  easily  be  stuck  into  soft  tissues. 
I  have  often  seen  species  of  Bombylius  thrust  their  tongues  into 
honeyless  flowers  (e.g.  B.  canescetis,  Mik.,  into  Rype^'icumpf.rforataw.), 
and  I  imagine  that  here  the  boring  apparatus  was  being  brought 
into  action. 

While,  so  far  as  I  know,  the  species  of  Ilombylius  and  the 
Conupidai  restrict  themselves  to  the  juices  of  flowers,  very  many 
other  anthophilous  flies  are  in  the  habit  at  times  of  sucking  all 
kinds  of  other,  often  uncleanly,  fluids.  Thus,  species  of  Eristalis 
may  be  seen  feeding  eagerly  in  gutters,  •Si-atopkaga  and  Lucilia 
on  dung,  Harcophatja  on  putrid  flesh;  even  VoiuccUa  honiin/Ians, 
which  is  so  abundant  on  flowers,  I  noticed  in  May,  1869,  feeding 
on  a  floating  carcase,  and  returning  repeatedly  to  it  whi'n  driven 
off.  Several  flowers  seem  to  have  acquired  an  offensive  smell  in 
relation  to  these  habits  of  flies. 

Of  the  second  main  division  of  Diptera,  the  gnats,  the  larger 
forms,  Tipiila,  Biiiio,  etc.,  are  of  very  second-rate  importance  in  the 
fertihsation  of  flowers ;  they  occasionally  lick  fully  exposed  honey, 
and  so  act  now  and  then  as  carriers  of  pollen.  No  flower  has 
become  specially  adapted  for  them.  Tiny  species  of  midges,  on 
the  other  hand,  c.g._  Psyhoda  phalanoidts,  which  hide  in  dark 
comers  in  the  daytime  and  fly  actively  in  the  evening,  are  the 
regular  fertilisers  of  the  remarkable  flowers  of  Aristoloehia 
CUmatiiis  and  Aruvi  maculaiuvi,  which  afford  dark  hiding-places 
for  their  visitors,  and  hold  them  in  a  temporary  prison;  othera 
play  an  important  part  in  the  fertilisation  of  Adoxa  and 
Chrysosptenium. 

The  group  of  Thysanoptera  (Thrips)  are  by  their  small  size 
(hardly  1  mm.  long  at  most,  and  many  times  less  in  breadth)  fitted 
far  better  than  even  the  ATdhocm-idtr-  among  the  Hemiptera  or 
Mdigtikes  among  the  beetles,  for  entering  all  sorts  of  flowers. 
Probably  few  flowers,  if  any,  are  altogether  exempt  from  their 
visits,  and  though  they  have  seldom  been  (iet«cted  in  the  con- 
veyance of  pollen,  yet  from  their  great  abundance  their  value  as 
fertilisers  must  not  be  overlooked.  It  must  be  almost  impossible 
to  exclwde  these  tiny  insects,  when  we  try  to  isolate  a  plant 
experimentally  by  means  of  net*.'  The  Thysanoptera  seek  both 
pollen   and   honey.      They   seize   a  single   pollen-grain   in   their 
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mandibles,  and  convey  it  to  the  mouth  ;  they  obtain  honey  by 
applying  the  mandibles  and  maxillae  together  so  as  to  form  a  short, 
conical  sucking-apparatus.  Besides  a  floral  diet,  they  avail  them- 
selves, according  to  Westwood,  of  other  plant-juices ;  ^  they  injure, 


Fio.  9.— r*Wp»  (Black-fly). 

l.—Tkrip$,  seen  from  nbovo  (x  SO). 
3.— Its  head,  more  highly  magnified,  fhint  view. 
S.— Mandible.  4.— Maxilla.  5.— Labium. 

0.— Leg.    e,  coxa ;   fy  femnr ;  «,  tibia  ;  t,  tanins.  on  the  end  of  which  is  a  saddng  disc  Instead 
of  hooks. 

for  example,  cucumbers  and  melons,  and  leave  the  leaves  on  which 
they  have  settled  dotted  over  with  small  dead  spots.  Thus  they 
agree  with  Diptera  in  availing  themselves  both  of  pollen  and  honey, 
and  in  not  restricting  themselves  to  a  floral  diet. 

We  may  here  mention  the  young  larvae  of  Mdoe,  called  by  Kirby '  Peili- 
cuius  MelitUE^  and  by  Dufour  Triungulinus,  which  resemble  the  Thysanopteia 
in  the  activity  of  their  movements,  and  in  their  minute  size  which  permits  entry 
into  all  flowers.  Although  they  visit  flowers  only  to  attach  themselves  as  para- 
sites to  bees,  they  feed  for  the  time  on  pollen  and  honey,  and  getting  thus 
dusted  with  pollen  they  play  a  part  similar  to,  but  even  more  subordinate 
than,  that  of  the  Thysanoptera. 

Hymenoptera. 

The  order  of  Hymenoptera  takes  a  still  higher  rank  than  the 
Diptera  in  regard  to  its  adaptations  for  a  floral  diet  and  its 
importance  in  fertilisation ;  for  the  great  majority  of  its  members, 
in  the  perfect  state,  are  entirely  dependent  upon  flowers.  Review- 
ing the  main  divisions  of  this  order,  the  Wood-borers  (Sirex,  L.)  are 
the  only  forms  which  I  have  never  found  upon  flowers ;  of  the  ants 
several  species,  of  the  Saw-flies  {Tenthredo),  Ichneumons  (Ichneumwi, 

*  Inlroduction  to  the  Modem  ClassifieeUion  of  Inwcts,  ii.  p.  4. 
'  Monographin  Apvm  An/ffior,  pi.  xiv,  fig.  10. 
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Bracon),  ChalcidiJso  (Pteromabis),  and  Ruby-bub  {Otrym),  many     ] 
species,    of   the    Wasps   {Diplopto-a)   and   Sand-wasps  (Fonsores),     \ 
almost  all  which  I  have  bad  the  opportunity  of  observing,  and 
of  the  bees  all  species  without  exception,  rely  almost  exclusively 
on  a  floral  diet.' 

All  these  groups,  excepting  the  last  two,  are  only  capable  of 
sucking  honey  from  flat  exposed  surfaces,  and  even  among  the 
Sand-wasps  there  are  few  species  whose  proboscis  can  reach  some     j 
millimetres  into  a  tubular  flower;   so  that  a  large  proportion  of     , 
flowers  are  exempt  from  the  visits  of  all  Hymenoptera  except  bees,     I 
But  bees,  which  not  only  feed  when  in  tlie  perfect  state  exclusively     ! 
on  the  produce  of  flowers,  but  nourish  their  young  thereon  also, 
are  in  such  intimate  and  lifelong  relations  with  flowers,  that  they     I 
show  more  ailaptations  for  a  floral  diet,  and  are  more  important  for 
the  fertilisation   of  our  flowers,  and  havw  therefore  led  to  more 
adaptive  modifications  in  these  flowers,  than  all  the  foregoing  orders 
put  ti.>gether.     A  closer  study  of  bees  is  therefore  essential  for  i 
a  right  understanding  of  the  fertilisation  of  many  of  our  flowers. 


The  Family  of  Bees. 

The  viirious  attucrlural  modifications  in  bees  will  be  most  eiisily 
understood,  if  we  arrange  them  in  the  natural  order  of  genetic 
descent.  For  the  grounds  of  my  views,  I  nmst  refer  the  reader 
to  a  special  essay  of  mine  on  the  subject  of  bees.^  If  my  conclusions 
are  correct,  bees  are  descended  from  certain  Sand-waspe,  which, 
like  the  species  at  present  existing,  pursued  spiders,  insects 
and  their  larvro,  disabled  them  with  their  sting,  carried  them 
to  their  nests,  and  laid  an  egg  beside  each,  thus  supplying  the 
resulting  larva  with  living  food, — while  the  perfect  insects  fed 
entirely  on  honey  and  pollen ;  these  were  the  founders  of  the  new 
race,  who  gave  up  the  old  manner  of  feeding  the  young  to  feed 
them  with  a  portion  of  their  own  food,  disgi;rged  from  their 
stomachs.  The  race  thus  started  differed  at  first  from  the  othen 
in  nothing  but  this  habit  j  but  in  the  course  of  time,  filling 
an  unoccupied  place  in  the  economy   of  nature,   they    increi 

•  For  H  dbcuMion  of  the  ((enealogjcal  relntions  of  the  families  of  Hymeuoptent  h 
thoir  graduiil  ncnuirement  ot  proQ-cicnc;  in  nothpphiloiu  habits,  couBult  my  n 

VDrkti,"  H'Kluit(hr  SonighUiu  ihrc  gtiiiige  BefShigung  erlangt )  "  (EifhutSiUer  Bi 

zfilung,  lS7fi.  1873  ;  and  notu  in  Kaiiirf,  vol.  xv.  p.  178)  nud  "  DU  ErUvTidc^ung  A 
BluiainUuiiigtfil  der  InstHtn"  ii.  sue!  iii. 

'  "  Anicendung  der  Darwia'mheit  Lfhrt  at^f  Biiiien,"  Vtrh.  dtr  niUwli.  Vtr.  J 
pr.  R/winl.  «.  lyfat/al.  1872,  pp.  1-98. 
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enormously,  and  at  last  formed  the  widely  ramified  family  of  bees ; 
the  still  extending  branches  of  this  family,  our  recent  bees,  show 
us  in  many  ways  gradations  in  their  adaptations  to  a  floral  diet, 
which  help  us  to  recognise  to  some  extent  the  lines  of  their 
evolution. 

The  species  of  Prosopis  stand  just  on  the  same  level  with  the 
primitive  ancestral  types  of  bees.  In  their  almost  hairless  bodies, 
the  narrow  first  tarsal  joint,  scantily  provided  with  haii-s  (Fig.  10,  t'), 
and  their  very  slightly  elongated  mouth -parts,  they  completely 
resemble  the  Sand-wasps,  and  only  claim  to  be  admitted  to  the 
family  of  bees  by  their  manner  of  feeding  the  young.     They  fill 


■  '•,' 


Fig.  10.— Right  IdnUleg  of  Protopu  vaxiegata^  $ .    Sc«n  froii.  behiud. 

0,  coxa ;  tr,  irochanter ;  /,  femur ;  «,  tibia  ;  t,  tarsus :  f,  first  Joint  of  tarsus. 
(The  tibia  and  tarsus  are  drawn  too  hairy). 

their  brood-chambers  (which  are  lined  with  a  hard  cement  by 
means  of  the  broad  tongue)  with  a  mixture  of  disgorged  honey 
and  pollen,  which  serves  as  food  for  the  larvae  on  hatching.  These 
little  active  insects,  which  themselves  have  a  peculiar  odour,  prefer 
strongly  scented  fLoweTs,Ile8cda,Buta,Lepidiummtun&m,  Matricaria, 
Achillwa,  etc.,  where  they  alternately  suck  honey  and  eat  pollen. 
In  spite  of  their  smooth  bodies,  sticky  pollen  adheres  frequently 
to  them,  especially  to  the  parts  of  the  mouth  and  to  the  slightly 
bairy  legs ;  these  have  feebly  developed  brushes  on  their  tarsi 
(Fig.  10,  f),  by  which  the  bee  can  clean  the  whole  upper  surface 
of  its  body  after  burrowing,  but  no  other  part  of  the  body  has 
any  development  of  hairs  suited  for  collecting  pollen. 


Though  the  species  of  I'rosopis  are  thus  no  better  fitted  for  a  l 
floral  diet  than  many  Sand-wasps,  they  are  of  far  greater  import- J 
ance  as  fertilisers  on  account  of  their  more  frequent  visits  to  flowers,  ' 
in  procuring  food  for  the  young.  We  must  consider  minutely  the  ' 
form  and  action  of  tlieir  mouth-organs,  to  understand  the  higher  ' 


and  more  specialised  forms  of  mouth  in  bees.  When  at  rest  (I, 
Fig.  11),  the  DiasillaB  and  labium  in  Prosopis  are  withdravm  into  a 
cavity  on  the  lower  surface  of  the  head,  which  they  completely^ 
fill.  They  are  retracted,  not  as  in  flies,  by  the  contraction  of  a 
membranous  piece  into  transverse  folds,  but  by  the  folding  up  of 
stiff  chitiiious  pieces  jointed  together.      The  two  basal  pieces  or 
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cardines  of  the  maxillse  (cc,  4,  Fig.  11),  are  hinged  by  two  joints  to 
the  sides  of  the  cavity  below  the  head,  so  that  they  can  rotate 
backwards  and  forwards.  In  the  state  of  rest  they  are  bent  back- 
wards ;  the  next  segments  [stipUes)  (st),  and  the  mentuni  which  is 
placed  between,  are  drawn  back,  so  as  to  cover  the  cardines 
completely.  The  laminae  of  the  maxillae  (la),  with  their  palps 
{pfn)  and  the  labial  palps  (pi),  are  also  folded  over,  downwards 
and  backwards,  and  the  mandibles  (md)  are  laid  over  the  bases  of 
these  parts,  and  also  cover  the  retracted  tongue  (li)  and  the  down- 
ward-folded upper  lip  [Ibr,  2,  Fig.  11).  In  the  state  of  rest,  the 
mandibles  alone  are  free  to  act,  without  any  other  part  of  the  mouth 
changing  its  place.  When  tliey  are  separated  (2,  Fig.  11),  the 
upper  lip,  the  tongue,  tlie  bases  of  the  retracted  maxillae,  the 
maxillary  and  labial  palps,  come  into  view. 

When  the  bee  wants  to  suck  honey,  it  extends  its  maxillae  and 
maxillary  and  labial  palps  forwards,  and  spreads  out  its  tongue 
(3,  Fig.  11);  then  turning  the  cardines  of  the  maxillae  forward 
(c  c,  4,  Fig.  11)  on  their  hinges,  the  maxillae  and  labium  (mentum 
and  tongue)  are  advanced  by  twice  the  length  of  these  cardines, 
and  the  tongue  may  now  be  introduced  into  honey-receptacles  if 
not  too  deep  or  narrow. 

The  Sand-wasps  possess  in  quite  a  similar  manner  the  power  of 
folding  up  the  lower  parts  of  the  mouth  to  bite,  and  extending 
them  to  suck,  and  so  Prosopis  can  show  no  advance  in  fitness 
for  a  floral  diet  beyond  the  ancestors  of  the  bees.  The  only 
peculiarity  which  Prosopis  has  developed  is  the  habit  of  lining  its 
brood-cavities  with  slime,  which  hardens  into  a  thin  shell;  this 
habit  necessitates  a  short,  broad  tongue,  and  therefore  prevents 
the  development  of  a  long  tongue  fitted  for  obtaining  deeply- 
seated  honey. 

Considerably  higher  in  the  scale  than  Prosopis,  in  regard  to 
such  adaptations,  are  Sphecodes,  and  the  closely  allied,  but  still  more 
specialised  genera,  Halidtts  and  Andrena,  In  all  three,  the  tongue 
(fi,  4,  Fig.  12 ;  1,  Fig.  13)  is  moderately  short,  and  is  enabled  to 
reach  more  deeply-placed  honey,  not  so  much  by  its  own  length  as 
by  the  increased  length  of  the  mentum  and  the  cardines.  Unlike 
Prosopis,  the  tongue  here  is  pointed,  and  more  or  less  covered  with 
hairs  and  fine  transverse  lines  at  the  tip;  since  it  has  become 
moie  freed  from  the  task  of  nest-building,^  it  has  grown  narrower 
and  more  elongated  in  many  species  of  Andrena  and  HalicUis,  to 

'  Tbeae  ^nera  line  their  brood-cavities,  which  are  generally  subterranean,  with 
▼ay  little  ilime. 
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be  of  greater  service  in  Iioaey-getting  (1,  Fig.  13).  In  a  state  of 
rest,  the  lower  parts  of  the  mouth  are  even  more  securely  hidden, 
and  the  mandibles  can  move  even  more  freely,  in  SpJiecodes  and 
many  species  of  Halictus  than  in  Prosrrpis,  for  the  upper  lip  (/ir,  2, 
Fig,  12)  folds  down  and  completely  covers  the  laminse  and  maxillary 
and  labial  palps. 

The  three  genera  ^htcodes,  Halictus,  and  Andrcn^i  have  advanced 
farther  from  the  state  of  the  ancestral  bees  in  regard  to  the  develop- 
ment of  their  hairy  coat  than  of  their  mouth-parts.  Spkecodes  has 
made  the  first  step  in  atlvance ;  Halidiis  and  Andrma  have 
proceeded  farther. 


:  ut  S  aibbia.  L.  •>,,  lilul 
Jindlbln  opened,  bot  the  1< 

n,  aioH  liLifhly  ina)(iiill€iL 


ni<iDt]i-uiirta  rold 
iruiB.  ■lUi  untoW 
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In  Spkecodes  the  whole  body  is  sparingly  covered  with  hairs 
which  show  the  first  traces  of  feathery  branching;  the  legs  are 
more  thickly  clothed  with  haira,  especially  the  outer  side  of  the 
tibiffi  of  the  hindlegs  ((i,  1.  Fig.  12) ;  the  tarsi  ((',  1,  Fig.  12)  ai« 
about  OS  narrow  as  in  Pmsopis.  hut  the  brushes  on  their  inner  side 
are  a  little  better  developed.  The  species  of  Spkecodes  feed  their 
young  in  a  most  primitive  manner,  viz.  on  the  disgorged  surplus  tX 
their  own  food ;  yet  they  certainly  derive  advantage  from  the 
hairy  covering  on  their  body  and  hindlegs,  for  the  pollen  which 
sticks  there  in  their  visits  to  flowers  they  wipe  off  with  their  tarsal 
brushes  and  use  incidentally  as  food  for  themselves  or  their  young. 
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In  tbe  exceedinglT  Dumerous  species  of  ffalutu*  mwI  ^mirtmii, 
the  haiij  covering  <>f  the  hindlegs  has  !m>  incrvased.  aoiI  IIh' 
deTeloptnent  of  taisal  brushes  hns  become  so  perfect,  thnt  tho 
practice  of  fieeding  the  yoang  on  polleu  collectetl  bv  these  hairs. 
which  ms  only  a  secondary  matter  in  S^ftwirt,  is  hei«  exoliisivvly 
or  mainly  relied  upon.*  Tbe  collecting  hairs  arv  sprvat)  ovt>r  tbt> 
whole  Irindleg  frran  the  tibia  to  the  coxa  (2,  Fig.  13) ;  ©veii  tin- 
last  joint  of  the  thorax  sometimes  bears  two  large  tufts  of  luunn, 
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under  which  considerable  masses  of  pollen  can  be  lodged  (3,  Fig.  1 3). 
fij  a  notable  increase  in  breadth  of  the  tarsi,  the  carrying- jxiwcr 
of  tbe  tarsal  bruBhes  is  increased. 


In  Andrcna  and  Halictv^,  although  the  chief  supplies  of  pollen 
are  obtained  by  means  of  the  hiudlngs,  yet  in  these  and  in  all  other 
hairy  bees  the  hairy  covering  of  the  body  is  undoubtedly  of  advan- 
tage. In  many  flowers  this  gets  dusted  without  any  direct  effort 
with  a  considerable  quantity  of  jKillen,  which  is  then  cleared  o£F  by 
means  of  the  tarsal  brushes.  In  almost  all  bees  highly  specialised 
for  a  floral  diet,  we  find  the  body  more  or  leas  thickly  clothed  with 
long  feathery  hairs. 

The  development  of  the  hairy  covering  is  of  the  highest  im- 
portance for  the  fertilisation  of  flowers.  For  as  the  hairs  easily  take 
up  pollen,  they  give  it  up  again  as  easily  to  viscid  or  rough  stigmas. 
It  would  far  exceed  the  limits  of  our  space  to  discuss  the  adaptive 
modifications  present  in  all  the  groups  of  our  indigenous  bees. 
I  can  only  explain  the  further  development  of  the  pollen-col- 
lecting apparatus  and  of  the  lower  parte  of  the  mouth  by  a  few 
examples. 

We  have  seen  in  Bphtcodes,  Haiidwt,  and  Andrena,  how  the 

development  of   pollen-collecting  hairs  has  gradually  reached  an 

extreme  pitch  on  those  parte  of  the  body  where  the   burden  is 

least  endangered  by  the  movements  of  flying  and  creeping ;  viz. 

r  on  the  whole  of  the  hindleg-  from  the  tarsus  to  the  coxa,  and  on 

'.  the  hind  part  of  the  thorax.      In  forms  higher  than  Awlreiia  and 

Halictm,  this  collecting  apparatus  has  attained  atill  greater  per- 

.  fection,  in  getting  more  and  more  restricted  to  those  sections  of 

I  the  hiudleg  to  which  the  tarsal  brushes  can  most  readily  apply 

the  pollen  that  they  have  collected,  viz.  the  tarsus  and  tibia.     In 

the  highest  forms,  this  localisation  of  the  coll ecting-li  airs  has  been 

attained  without  diminisliiug  the  uiass  of  pollen,  by  an  increased 

growth  of  hairs  on  the  tibia  and  tarsus  and  a  withdrawal  of  the 

more  distal   hairs :    this    we    see    most  clearly  in    Dasypoda    and 

Panurgm. 

In  Datypoda,  (1,  Fig.  11),  the  collecting- liairs  of  the  tibia  and 
tarsus  have  become  so  long  that  they  can  carry  a  much  greater 
load  of  pollen  than  the  far  more  extensive  collecting  apparatus  of  ' 
Andrena  pTiUensis,  Nyl.  (3,  Pig.  13);  but  the  hairs  on  the  femur, 
trochanter,  and  coxa,  are  long  and  thick  enough  to  take  a  la^e 
share  in  the  work.  In  Paiiurgus  (2,  Fig.  14),  the  collecting  apparatus 
consists  solely  of  the  long  hairs  upon  the  tibia  and  tarsus,  A 
further  advance  is  seen  in  Eucera  and  AiUhop/wra,  where  an  increase 
in  breadth  of  the  pollen-col  lecting  surfaces  of  the  tibia  and  tarsus 
compensates  for  the  shortening  of  the  collecting-hairs. 

The  last  step  in  the  evolution  of  the  collecting  apparatus  on  the 
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hindlegs  was  attained  through  a  new  habit,  which  rendered  poBsible 
a  great  economy  of  coUecting-hairs,  and  a  great  aavii^  of  time  in 
emptying  the  collecting  apparatus  and  preparing  the  larval  food. 
This  waa  the  practice  of  moistening  the  pollen  with  honey  before 
placing  it  in  the  collecting  apparatus,  so  as  to  form  one  connected 
mass  which  could  be  easily  removed  from  the  collectii^  apparatus, 
and  at  once  used  to  feed  the  larvae. 

MacTopis  (I,  Fig.  15)  is  in  this  way  able  to  carry  large  balls 
of  pollen  mixed  with  honey  on  its  hindlegs,  though  the  tarsuB  and 
tibia  are  clothed  with  comparatively  short  hairs  (2,  Fig.  15). 

la  Bombus  (3,  Fig.  15)  we  have  &  still  farther  advance.  The 
pollen  is  kept  entirely  to  the  outer  side  of  the  hindlegs,  which 
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lyads  to  a  still  greater  economy  in  collecting-hairs.  For  the  outer 
^nirface  of  the  tibia  of  each  hindleg  is  perfectly  smooth,  and  only 
surrounded  at  the  edge  with  a  fence  of  long  hairs,  some  erect,  some 
bent  inwards,  forming  a  kind  of  basket,  in  which  the  pollen-masa 
can  be  heaped  high  over  the  brim.  So  that  not  only  is  there  a 
saving  of  collecting-hairs,  and  a  saving  of  time  in  unloading  the 
collecting  apparatus,  but  the  tarsal  brushes  of  the  hindlegs,  which 
■even  in  Macropui  got  charged  with  pollen,  here  resume  their  free 
use  as  brushes. 

Apis,  finally,  stands  on  a  higher  level  thsin  JimnJme   in  the 
arrangement  both  of  its  collecting  apparatus  and  its  tarsal  brushes. 


THE  FERTILISATION  OF  FLOWERS.  [fart  ii. 

While  in  Bombus  the  collecting  basket  is  walled  in  by  many 
irregular  rows  of  stitf  hairs,  still  showing  traces  of  tlie  feathery 
branching  of  the  primitively  undifferentiated  hairy  coat,  in  Apis 
(5,  6,  Fig,  15)  these  hairs  have  become  simple  smooth  bristles  with 
no  trace  of  feathery  branching,  and  arranged  in  a  few  close-set  rows. 
The  bristles  of  the  tarsal  brushes  in  Apis  {I-  5,  Fig.  15)  are  arranged 
in  regular  rows,  and  much  more  unifoimly  than  in  Bombus  (('  3. 
Fig.  J5) ;  and  the  now  functionless  tibial  spurs,  inherited  from  the 
ips,  which,  with  most  other  bees,  they  aid  in  making  boles 
in  earth,  rotten  wood,  etc.,  have  disappeared  from  the  hindlegs. 

The  collecting  apparatus  of  the  hindlegs,  which  culminates  in 
the  hive-bee,  is  peculiar  to  one  of  the  two  main  divisions  of  bees ; 


in  the  other  division  a  collecting  apparatus  is  formed  by  hairs  on 
the  ventral  surface  of  the  abdomen.  In  these  forms,  at  least  in 
our  native  species,  we  cannot  trace  a  gradual  development  of  the 
collecting  apparatus  as  ia  the  others;  but  it  possesses  the  same 
main  features  in  all  genera  of  the  group  {Heriades,  CModoma, 
Avihidium,  Osmia,  Chalicodo^na,  Diphyais,  Mrgachih) ;  so  that  onfe 
example  will  sullice  for  all. 

The  whole  or  nearly  the  whole  ventral  surfare  of  the  abdomen 
is  covered  with  a  brush  of  stiff  bristles  inclined  backwards,  which 
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vazy  in  length,  closeness,  and  colour  in  different  species,  but  are 
always  smooth,  without  trace  of  feathery  branching.  This 
abdominal  collecting  apparatus  differs  also  in  its  action  from  the 
collecting  apparatus  on  the  legs  of  the  other  forms ;  in  the  latter, 
the  tarsal  brushes  (formed  of  smooth  stiff  bristles)  sweep  the 
pollen  into  the  tufts  of  feathery  hairs ;  in  the  present  case,  the 
collecting  apparatus  consists  of  a  great  brush  of  feathery  ]iairs, 
which  themselves  sweep  up  the  pollen.  More  than  nine-tenths  of 
the  flowers  visited  by  bees  with  abdominal  brushes  are  such  as  are 
adapted  to  dust  the  ventral  surface  of  the  bee  with  pollen  (Echiuvty 
Papilionacece,  Compositce,  etc.)  without  any  action  of  the  tarsal 
brushes.  Bees  with  abdominal  brushes  may  be  seen,  for  instance, 
upon  a  composite  flower,  thrusting  their  tongues  quickly  into 
one  floret  after  another,  and  at  the  same  time  turning  round 
bodily  80  as  to  force  the  pollen  which  lies  free  on  the  surface  of 
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Fio.  10.— Abd«»ininal  (rollecting  apimratus. 

1. — Abtlomen  of  0$mia  spinuloia,  K.    Ventral  view. 
2. — lateral  view  of  the  same,    (x  7.) 
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the  capitulum  between  the  hairs  of  the  brush.  The  brush  is  quite 
full  after  visits  to  a  few  capitula.  I  have,  for  instance,  very  often 
seen  MegcxhUe  lagapoduy  K.,  acting  in  this  manner  on  Onopordum 
acanthium,  and  Osmia  spinulosa,  K.,  on  Cardmts  acant/toides.  More 
rarely,  bees  with  abdominal  brushes  may  be  seen  feeding  on  flowers 
whose  pollen  gets  applied  to  their  backs;  in  such  cases,  the 
bee  makes  use  of  its  tarsal  brushes  to  sweep  off  the  pollen 
from  the  parts  where  it  has  fallen  into  the  abdominal  brushes. 
I  have  seen  Anthidium  manicatum  acting  in  this  manner  on  flowers 
of  Ballota  nigra. 

The  latter  mode  of  getting  pollen  is  adopted  only  exceptionally 
by  bees  with  abdominal  brushes ;  the  plan  of  sweeping  it  up  directly 
is  their  usual  method,  and  is  quicker  and  more  productive  than 
the  method  used  by  bees  whose  collecting  'apparatus  is  on  their 
legs.      There  can  be  little  doubt  ^therefore   that  the  bees  with 
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abdominal  brushes  have  arlaptetf  themaelvea  to  the  flowere  which 
fitted  to  dust  their  veutral  surfaces  {Papilionaeew,  Coinpositw, 
Echium,  etc.),  and  the  contrary  view,  that  these  flowoi-a  Iiave 
become  adapted  to  the  bees,  is  untenable,  for  the  flowers  are 
visited  and  fertilised  by  other  and  far  more  numerous  insects ; 
still  more  untenable  is  Delpino's  idea  {e.g.  in  regard  to  fferiadea 
t.ritneorwm  and  Hdianthus)  of  mutual  predestination. 

While  a  poll  en -collecting  apparatus,  as  we  have  seen,  has  beeu 
developed  in  very  different  ways  in  the  two  main  divi.sions  of  the 
family,  the  adaptatioa  of  the  numtb-parta  f<ir  deeply-placed  honey 
has  advanced  similarly  in  both.  In  both,  a  natural  limit  to  the 
length  of  the  cardines  and  of  the  mentiim  (by  which,  in  Prosopw, 
Sphscodes,  Haliciiis,  and  Ajulrcna,  increased  protrusibility  of  the 
tongue  waa  attained)  has  been  fixed  by  the  length  of  the  head, 
underneath  which  these  parts  must  be  withdrawn  to  give  play  to 
the  mandibles ;  and  access  to  more  deeply-placed  honey  is  got  by 
lengthening  the  tongue  itself,  and  by  extension  of  the  membranous 
and  elastic  parts  between  the  mentum  and  the  cardines. 

In  the  higher  forms  of  both  groups,  we  find  that  the  tongue, 
which  was  at  first  much  shorter  than  the  mentum,  and  retractile 
into  it,  is  many  times  as  long  as  the  mentum ;  the  transverse 
markinga  (absent  in  Prmopis,  slight  in  Sphefod<x.  well-marked  in 
Hdlictiis)  are  present  as  strongly-marked  transverse  rings  over  the 
greaterpartof  the  vermiform  tongue  ;  the  hairs  of  the  tongue,  which 
have  scarcely  a  definite  arrangement  in  the  lower  forms,  form  whorls 
upon  each  transverse  ring,  and  can  be  erected  or  depressed  forwarda, 
and  the  originally  membraoous  and  elastic  parts  between  the 
mentum  and  cardines  are  elongated  and  supported  by  chitinous 
pieces,  in  such  a  way  that  when  these  fold  together  the  mentum 
is  retracted  between  the  stipites  as  far  as  the  ends  of  the  cardines, 
and  can  be  again  protracted  for  the  full  length  of  the  chitinous 
pieces. 

With  these  modificatioua  of  the  lower  lip,  certain  changes  in 
the  maxillfe  are  closely  associated,  and  advance  similarly  in  both 
divisions  of  the  family.  As  soon  as  the  tongue  has  so  far  increased 
in  length  that  it  can  no  longer  be  quite  withdrawn  into  the  anterior 
hollow  of  the  mentum,  it  t^omes  to  be  folded  up  downwards  and 
backwards,  and  both  in  the  retracted  and  in  the  extended  state  it 
is  concealed  between  the  landnie  to  avoid  injury  in  nest-buildii^ 
or  in  being  introduced  into  honey-receptacles.  The  lamiuBe,  once 
devoted  to  the  service  of  the  tongue,  elongate  pivri  passu  with  the 
tongue  itself ;  and  correspondingly  the  labial  palps  and  at  first  also 


PAKT  It]      THE  INSECTS  WHICH  VISIT  FLOWERS. 


67 


the  maxillary  palps  elongate  also,  in  order  to  act  still  as  organs 
of  touch.  But  the  maxillary  palps  are  soon  outstripped  by  the 
laminEe,  the  labial  palps,  and  the  tongue,  and  becoming  useless 
gradually  abort ;  the  laminae  and  labial  palps  contiiiue  to  advance 
to  the  full  extent  of  elongation  of  the  tongue.  This  difference  is 
explained  by  the  rise  of  a  new  function  which  the  labial  palps  and 
lamioES  assume,  and  which  renders  them  quite  indispensable  and 
renders  the  maxillary  palps  quite  unnecessary.  For  as  the  tongue 
elongates,  the  lamince  develop  more  and  more  into  a  sheath  closely 
surrounding  the  tongue,  which  not  only  protects  it  in  retraction 
and  when  being  thrust  into  a  tubular  Bower,  but  iJso  comes  to 
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C.  apilluT  tnbe  ;   W,  Iti  will ;   B,  >kln  ulheriag  to  the  udUUit  tnbe  ; 
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play  the  put  of  a  suction-tube,  in  which  the  tongue,  perhaps  by  a 
jn-ogressive  erection  from  before  backwards  of  the  whorls  of  hairs, 
conveys  the  honey  taken  up  at  its  point  hack  towards  the  mouth. 
In  this  the  labial  palps  are  also  concerned,  for  their  two  or  three 
proximal  joints  hecome  flattened  and  help  the  laminee  in  closely 
surroimding  the  tongue,  while  the  last  joint  or  the  two  last  retain 
their  original  function  as  organs  of  touch.  As  soon  as  the  proximal 
joints  of  the  labial  palps  have  come  in  this  manner  to  form  part 
of  the  suctorial  apparatus,  they  naturally  elongate  pari  pansit  with 
the  tongue  and  Uie  lamins,  and  get  transformed  into  long,  thja, 
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cbitinous  plates  surrounding  the  tongue,  while  their  terminal  parts, 
still  acting  as  tactile  organs,  retain  their  original  form,  their  short- 
ness, and  their  free  position.  The  maxillary  palps,  originally  six- 
jointed,  get  handed  down  as  useless  heirlooms,  and  show  all  stages 
of  abortion  from  six  joints  to  none. 

A  final  increase  in  the  length  of  the  tongue  over  that  of  the 
organs  which  iusheathe  it  is  got  by  making  the  proximal  part  of 
the  tongue  coil  twice  round  and  be  retracted  into  the  hollow  end 
of  the  mentuni ;  so  that  the  tongue,  which  in  the  retracted  state 
reaches  quite  to  the  end  of  its  sheath,  may  be  protruded  by  about  the 
whole  length  of  the  sheath  heyond  it.  As  subordiniite  adaptations 
in  the  suctorial  mechanism  of  bees,  we  have  sharpening  of  the  ends 
of  the  laminEB  to  pierce  succulent  tissues,  and  the  development  of 
a  membranous  lobe  at  the  end  of  the  tongue.  In  the  less 
specialised  bees,  the  tongue  is  supported  throughout  its  whole 
length  by  a  chitinous  ridge  ;  this  in  the  higher  forms  becomes 
a  capillary  tube  which  opens  out  into  the  spoon-sliaped  hollow  of 
the  terminal  lobe.  As  soon  as  the  terminal  lobe  reaches  the 
honey,  a  little  honey  ascends  the  capillary  tube  to  the  taate- 
organs,  and  the  bee  may  judge  at  once  whether  to  continue 
sucking  or  not.^ 

To  follow  out  in  detail  the  increasing  complexity  of  the  mouth 
in  bees,  through  all  its  stages,  would  he  a  work  of  special  ento- 
mological interest,  as  profitable  as  it  would  be  comprehensive. 
Having  studied  the  first  adaptations  to  a  floral  diet  in  Spkecodes, 
Andrena  and  Halictus,  we  must  pass  over  the  manifold  inter- 
mediate forms,''  and  investigate  the  complex  mechanism  of  the 
mouth  in  the  most  specialised  bees.  I  select  for  illustration  the 
mouth  of  those  bees  which  of  all  insects  play  by  far  tl.e  most 
important  part  in  fertilising  our  indigenous  flowers ;  viz.  bumble- 
bees {Bomhus)  and  the  hive-bee  {Apis). 

"When  we  see  the  mouth-parts  of  these  bees  fully  extended  and 
artificially  separated  (Fig.  18,  1  and  2),  it  seems  at  first  sight 
hardly  possible  that  a  suctorial  apparatus  so  large  and  complex,  i 
which  many  times  exceeds  the  head  in  length,  can  be  as  com- 
pletely received  into  a  cavity  below  the  head  as  it  is  in  the  least 
specialised  bees ;  yet  this  takes  place  by  help  of  the  four  folding 

'  Wolff,  Don  Eiechorgan  lier  Sitae,  1874  ;  Heriuauii  MiillBr,  ireclurlbairhitngeH, 
p.  30.  Ill  the  Gurtnnn  I'ditioii  of  this  book,  1873,  tlie  lobe  is  sai<l  to  be  employvd 
probably  in  liokingflat  surfacea  of  honej'. 

'  Same  of  these  intermediate  forma  are  figured  in  my  easay,  "AnwenduDE  der 
DMwin'schen  Lehre  auf  BienOQ"  {VerhaMdl.  du  nattirhUl.  Vcrein*  far  pr.  Mtiit- 
laiul  vnd  fVaffalen,  1S72). 
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moTements  already  mentioned,   whose   various  actions  we   must 
now  consider. 

(I.)  When  the  hee  ia  sucking  honey  which  is  only  just  within 
its  reach,  all  the  movable  joints  of  its  suction-apparatus,  cardinea, 
the  chitinons  retractors  at  the  base  of  the  mentuoi,  lamiuffi, 
labial  palps,  and  tongue,  are  fully  extended,  as  in  Fig.  18,  except 
-that  the  two  proximal  joints  of  the  labial  palps  are  closely  applied 


1.— lloDtli.puti  or  tlie  HIn-bee,  in  th«  ume  poslUnn.    I 

■r.  tbe  tower  Jolnl*  of  th«  liUil  palps  modiHrif  u  >  toDgu 

vhleh  Um  betwMD   x  and  itl  ii^lpkoririu,  WerCwood) : 


to  the  tongue  below,  and  the  laminee  to  the  mentum  and  hinder 
part  of  the  tongue  above.  But  as  soon  as  the  whorls  of  hairs 
at  the  point  of  the  tongue  are  wet  with  honey,  the  bee  by  rotating 
the  retractors  (z  z.  Fig.  19)  draws  back  the  mentum,  and  with  it 
the  tongue,  so  far  that  the  laminie  now  reach  as  far  forward  as  the 
labial  palps  (.i.e.  to  the  point  u  in  Fig.  18) ;  and  now  lamins  and 
labial  palpe  together,  lying  close  upon  the  tongue  and  overlapping 


at  their  edges,  form  a  tube  out  of  which  only  the  part  uw  of  the 
tongue  protrudes.  Bnt  almost  simultaneously  with  these  move- 
ments, the  bee  draws  hack  the  basal  part  of  its  tongue  into  the 
hoUow  end  of  the  mentum,  and  so  draws  the  tip  of  the  tongue, 
moist  with  hooey,  into  the  tube,  where  the  honey  is  sucked 
in  by  an  eiilargement  of  the  foregut,  known  as  the  sucking 
stomach,^  whose  action  is  signified  externally  by  a  swelling  of  the 
abdomen.^ 

Fig.  19  represents  the  head  of  a  humble-bee  in  the  suctorial 
position.  If  now  the  base  of  the  tongue  is  drawn  back  into  the 
hollow  of  the  mentura  (as  shown  in  Fig.  20),  the  tip  (ww)  is 
drawn,  wet  with  honey,  into  tlie  tube.     If  the  cardines  (c,  Fig.  IJ)), 


which  are  now  directed  vertically  downwards,  are  rotated  back- 
wards, the  base  of  the  suctorial  tube  (at  pm  in  Fig.  19)  will 
be  drawn  back  to  the  opening  of  the  mouth  (between  the  bast,' 
of  the  mandibles  and  upper  lip),  and  by  a  sucking  action  of  the 
" '  I  of  the  body  [and  (?)  a  simultaneous  action  of  the  erectile 
hairs  on  the  tongue  *],  the  honey  is  quickly  carried  into  the 
mouth. 

'  In  Apida  and  i'cnpideB  the  "BQckin);  stomach"  is  simply  a  lateral  fold  of  the 
Eorcf^t :  in  CndtrtmidcB  it  U  a  vuiclo  atuched  by  a  Bhort,  narrow  duot,  much  u 
tu  DinUra. 

*  Cf.  the  remarkB  on  LamUim  aU>um. 

'  I  caiae  to  the  above  ooncluaioD  'with  regard  to  the  action  of  the  whocled  hairs 
frani  emeriments  made  on  bees  and  humble-lwei  under  chloroform.  In  theiw,  aoroe- 
timea,  if  the  tip  of  the  tongue  was  dipped  in  syruy  before  complete  lossi  nf  consuious- 
uctoriul  tnuvemeiits  took  pliioe  su  slonly  that  their  separate  Btagea  could  be 
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By  now  rotating  the  cardines  (c)  forwards,  the  whole  suction- 
apparatus  is  carried  forward  by  tvdce  the  length  of  the  cardines. 
The  retractors  {z  z)  are  now  rotated  forwards  in  their  turn,  and  a 
farther  advance  of  twice  their  length  is  given  to  the  mentum  (mt) 
with  its  appendages,  to  the  labial  palps,  and  to  the  tongue,  while 
the  maxillsB  remain  in  theii*  place,  and  their  laminae  now  inclose 
only  the  mentum  and  the  hinder  part  of  the  tongue.  Finially,  the 
basal  part  of  the  tongue  contained  within  the  hollow  part  of  the 
mentum  is  projected  forth,  and  the  tip  of  the  tongue  now  reaches 
its  £Burthest  extension  (20  to  21  mm.  from  the  mouth  in  Bonibus 
hofiorum),  and  dips  again  into  the  honey  at  the  base  of  the  flower. 

In  flowers  which  contain  abundant  honey,  a  humble-bee  may  be 
seen  to  perform  the  act  of  sucking  four  or  five,  or  sometimes  even 
eight  or  ten  times,  the  tip  of  the  tongue  being  each  time  dipped 
into  the  honey,  then  drawn  back  into  the  sheath,  and  the  sheath 
brought  up  to  the  mouth. 

(2.)  To  reach  honey  which  lies  less  deeply,  the  bee  need  not 
rotate  the  retractors  (z) ;  the  tongue  therefore  remains  constantly 
insheathed  by  the  laminae  and  labial  palps,  and  only  the  basis  of 
the  tongue  moves  in  and  out  of  its  cavity  in  the  mentum,  bringing 
its  tip  in  and  out  of  the  extremity  of  the  suctorial  tube. 

(3.)  When  the  bee  flies  from  one  flower  to  another,  it  carries  the 
proboscis  ^  extended,  so  as  to  introduce  it  in  the  act  of  alighting 
into  the  tube  of  the  flower ;  but  the  tongue  is  concealed  within  its 
sheath,  to  protect  the  delicate  whorls  of  hairs,  and  to  let  the 
terminal  joints  of  the  labial  palps  perform  their  function  of  tactile 
organs. 

So  in  flying  from  flower  to  flower  the  base  of  the  tongue  is 
contained  within  the  hollow  of  the  mentum,  and  the  retractors  (z) 
are  directed  backwards,  while  the  cardines  may  be  directed  down- 
wards (Fig.  19),  forwards  (Fig.  18,  2),  or  backwards,  according  to 
the  depth  of  the  flower  which  the  bee  has  in  view. 

clearly  distinguished ;  they  were  as  described  above.  What  went  on  between  the 
chitinooB  pistes  of  the  luninae  and  labial  palps  was  of  course  invisible,  but  when 
thff*  parts  were  drawu  aside,  a  progressive  erection  of  the  whorls  from  the  tip  of 
the  tcmgne  backwards,  could  sometimes  be  clearly  seen.  The  fact  that  the  basal  part 
of  the  tongue,  which  gets  drawn  into  the  hollow  of  the  mentum,  is  free  from  whorls, 
BcemH  to  stand  in  accordance  with  this  action.  At  the  same  time,  special  muscles 
for  the  erection  of  the  whorls  are  not  present ;  and  therefore  my  explanation  becomes 
jumtiia^etoTy,  In  several  Brazilian  bees,  my  brother  Fritz  Muller  has  found  that 
the  hairs  of  the  tongue  are  transformed  into  stalked  scales,  which  seem  hardly  fitted 
to  driye  the  honey  mouthwards  by  erection.  In  an  undescribed  azure-blue  Euglosaa, 
the  imbricated  scales  seem  to  form  a  tube  round  the  tip  of  the  tongue,  so  that  here 
•action  may  perhaps  eo  on,  without  the  tip  of  the  tongue  being  withdrawn  into 
the  theath  formed  by  the  laminee  and  labial  palps. 

'  The  whole  suctorial  apparatus  is  thus  designated  for  shortness'  sake. 
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(4.)  The  mouth -organa  must  assume  exactly  the  same  position 
when  the  bee  bores  into  delicate  tissues  by  means  of  the  sharp 
points  of  its  laminse ;  whether  to  secure  the  sap,  as  in  the  case 
of  our  orchids  which  secrete  no  free  honey,  or  to  reach  deeply- 
placed  honey  through  the  aperture,  as,  for  example,  Bomhis  tfrrcs- 
trix  does  in  the  case  of  meadow-clover  and  many  other  long-tubed 
flowers. 

(5.)  In  collecting  pollen,  hive-bees  and  hiimble-bees  use  their 
mouth-parts  in  two  different  ways  to  moisten  it,  according  as  it 
is  the  fixed  pollen  of  entomophitous,  or  the  loose,  easily  scattered 
pollen  of  anemophilous  flowers.  In  the  fonner  case  {e.g.  when 
Apis  mcllifica  collects  pollen  on  Salix),  the  bee  has  its  suctorial 
apparatus  completely  folded  down  (as  in  Fig.  21),  bringing  the 
mouth -opening,  which  lies  between  the  base  of  the  mandibles  and 
the  labnim,  close  over  the  pollen.  The  bee  ejects  a  little  honey  on 
the  pollen,  and  then  takes  it  up  by  means  of  its  tarsal  brushes  and 
places  it  in  the  baskets  on  the  tibiro  of  its  hindlegs ;  it  often 
makes  use  of  its  mandibles  to  free  the  pollen,  before  moistening  it 
with  honey.  In  the  latter  case,  which  I  have  observed  in  Hantago 
lancfolala  and  which  will  be  fully  described  in  my  account  of  that 
plant,  the  bee,  hovering  over  the  flower,  ejects  a  Uttle  honey  upon 
the  unthera  from  its  suction- tube,  which  is  fully  extended  but 
completely  sheathes  the  tongue.  In  this  case,  therefore,  as  when 
alighting  to  suck  upon  a  flower  or  when  boring  into  soft  tissues,  the 
base  of  the  tongue  is  contained  within  the  hollow  of  the  mentum, 
and  the  retractors  are  directed  backwards.  Since  hive-bees  and 
humble-bees  on  entomophilous  flowers  suck  honey  with  out- 
stretched proboscis  and  collect  pollen  with  it  folded  up,  and 
on  anemophilous  flowers  collect  pollen  only,  it  follows  that  they 
can  never  suck  honey  and  gather  pollen  simultaneously ;  they 
must  always  do  first  one  and  then  the  other,  and  since  the  pollen 
has  to  be  moistened  with  honey,  the  act  of  sucking  must  always 
be  the  first. 

But  all  forms  of  bees  which  collect  dry  pollen  among  their 
feathery  collecting-hairs,  may,  so  far  as  the  structure  of  the  flower 
permits,  gather  pollen  and  suck  honey  at  the  same  time,  and  they 
perform  the  latter  action  in  exactly  the  same  way  a.s  hive-bees 
and  humble-bees  do.  Bees  with  abdominal  collecting-apparatus 
may  with  the  greatest  ease  perform  both  acta  together  on  flowers 
which  present  their  pollen  from  below. 

(6.)  Finally,  to  place  the  mouth-parts  in  a  position  of  rest, 
or  to  make   use  of   the  mandibles,  the  bee  brings   all   the  four 
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folding  movements  which  its  suction  apparatus  is  capable  of 
into  play  nmultaneously.  It  draws  h&ck  the  base  of  the  tongue 
into  the  hollow  end  of  the  mentum  (as  in  Fig.  20) ;  folds  the 
tongue,  together  with  the  inclosing  laminte  and  labial  palps, 
downwards  and  backwards  (Fig.  20  shows  this  action  beginning), 
draws  the  retractors  (z)  backwards  (half  completed  in  Fig.  20), 
and  rotates  the  cardines  c  (which  in  the  figure  are  still  directed 
obliquely  forwards),  backwards ;  the  whole  apparatus  is  thus  folded 
together,  and  lodged  in  the  cavity  below  the  head,  completely 
filling  It  (Tig.  21,  1). 


Fm.  SO.— Bncking  «ppM»ttu  ol 

Tba  QOtcr  will  of  tbe  hollav  end  of  the  mintiim  li  brnkcn  ■* 
IsWMt  plm  ot  tlia  toneiie,  nfco 

L«ttoi  u  In  Fig.  lit,— eiMpt ;  a,  IXM  ot  tongne ;  t,  uig1«  oi 
Inmaitam. 

When  the  hive-bees  and  humble-bees  were  declared  to  be  the 
most  important  of  all  insects  in  the  fertilisation  of  our  native 
flowers,  this  assertion  applied  only  to  the  individuals  concerned 
in  the  care  of  the  young,  i.e.  the  workers  among  the  hive-bees, 
and  the  females  and  workers  among  the  humble-bees. 

In  all  species  which  provide  for  their  own  young,  the  males  are 
of  much  less  use  in  fertihsing  plants  than  the  females,  as  they  only 
look  after  their  own  maintenance,  and  accordingly  neither  collect 
pollen  nor  visit  flowers  very  diUgently.      Yet  in  all  species   in 
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which  a  more  or  less  thick  coat  of  feathery  hairs  has  become 
developed  upon  the  bodies  of  the  females,  it  has  become  trans- 
mitted by  inheritance  to  the  males  also,'  so  that  they  in  their  visits 
to  floweis  collect  pollen  as  wctl  as  the  females.  It  is  otherwise 
with  the  majority  of  those  bees  which  have  acquired  the  habit  of 
not  gathering  pollen  themselves  to  feed  their  young,  but  of  laying 
their  eggs  in  the  nests  of  other  bees  already  stored  with  food. 
Some  of  these '"cuckoo-bees,"  which  have  acquired  the  habit  in 
comparatively  recent  times,  as  the  parasitic  humble-bees  {Apathus 
or  Psithyriis),  have  almost  the  same  development  of  hairs  as  their 
parent-form ;  others  which  acquired  it  earlier,  as  Nomada,  Epedus, 


Ctelioxys,  and  Stelis,  have  almost  entirely  lost  the  haiiy  coat,  while 
retaining  in  perfection  the  suctorial  apparatus  which  furnishes 
them  with  their  own  food.  Males  and  females  of  these  "cuckoo- 
bees  "  thus  plunder  flowers  of  their  honey,  like  the  males  of  tbe 
hairy  bees,  without  being  of  corresponding  advantage  to  the  flowers 
in  the  carriage  of  pollen  ;  for  only  very  little  pollen  adheres  to  their 
naked  or  almost  naked  chitinous  bodies.* 

'  For  a  further  nccounl  of  thin  hereditary  tninflniission,  sx  my  wort  No.  613. 

'  I  hitve  inveBtigabrd  Ihe  iii^tiouB  of  male  bcea  and  of  cuckoo-becs  in  nffod  to 
flowers,  and  embodied  my  resulU  in  my  essays,  "  Die  Entwidkolung  der  BlumeDtho- 
Uflkeit  der  Iiiasktan,"  and  "  Verecbledene  Blumenthatigkeit  d«r  Hdnncbeii  and 
Weibchen"  {Xotmos,  ii,  pp.  881— S70,  *16— *Sa,     1882.) 
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Lepidoptera. 

If  the  chief  divisions  of  insects  are  to  be  arranged  in  the  order 
of  their  importance  as  fertilisers  of  our  native  flowers,  the  first 
place  must  decidedly  be  given  to  bees, — while  the  Lepidoptera  take 
only  the  second  or  third  place,  before  or  after  the  Flies.  But  if, 
as  here^  we  base  our  arrangement  on  the  degrees  of  adaptation  to 
flowers,  they  undoubtedly  take  the  first  place,  as  the  only  order 
which  throughout,  and  not  only  in  certain  of  its  families,  is  fitted 
for  obtaining  honey. 

In  the  perfect  state,  butterflies,  so  far  as  they  take  food  at  all, 
which  is  not  the  case  in  all   species,  restrict  themselves  almost 
entirely  to  honey ;  and  since  they  take  no  further  thought  for  their 
young  than  to  lay  their  eggs  sufficiently  concealed  upon  the  food- 
plant,  their  mouth-parts  have  been  quite  free  to  adapt  themselves 
to  the  easy  winning  of  honey  from  the  most  various  flowers.     This 
adaptation  is  attained   by  an  astonishing  development    of   the 
maxillary  laminae,  with  suppression   of  the  greater  part  of  the 
rest   of   the   mouth-organs.      The   upper   lip,   or   labrum   {IbVy  2, 
Fig.  22),  and  mandibles  {rruT)  are  aborted.     The  laminsB  of  the 
maxillae  are  transformed  into  two  immensely  long,  hollow,  rounded 
filaments,  provided  with  semicircular  grooves  on  their  inner  sur- 
faces, and  so  forming  a  tube  when  placed  in  close  apposition ;  in 
the  state  of  rest  this  tube  is  spirally  coiled,  and  concealed  between 
the  labial  palps.     The  maxillary  palps,  which  are  not  visible  in  my 
figure,  and  also  the  labium,  are  usually  more  or  less  abortive.     The 
whole  mechanism  of  the  mouth,  so  complex  and  many-jointed  in 
bees,  is  thus  here  reduced  to  a  long,  thin,  suctorial  tube  formed  of 
two  apposed  grooves  and  capable  of  being  rolled  up  into  small 
space,  and  of  a  protective  covering  for  this  tube. 

With  this  simple  mechanism,  Lepidoptera  are  able  to  probe 
the  most  various  flowers,  whether  flat  or  long  and  tubular,  and 
to  secure  their  honey.  Peculiar  stiff,  sharp-pointed  appendages 
at  the  ends  of  the  laminse  (5,  Fig.  22)  enable  them  also  to  tear 
open  dehcate  succulent  tissues,  and  make  use  of  the  sap  in  flowers 
which  secrete  no  free  honey  (cf.  Cytisus  Laburnum,  Erythrcca 
Ceniaurium,  Carum,  etc.).  At  the  Cape  of  Good  Hope,  Lepidoptera 
do  damage  to  plums  and  peaches  by  piercing  their  skins  in  this 
manner.^  In  Queensland  also,  the  oranges  are  injured  by  a 
Doctumal  form,  Ophideres  fullonica,  the  powerful  teeth  on  whose 

1  Ann.  find  Mog,  of  X,  IT.,  Soptem]>er,  1869. 
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proboscis  are  figured  and  described  by  H.  Kunkel,'  Francis  Darwiu,* 
Reginald  Bligh  Read,*  and  W.  Breitenbach.*  Mj  tvother  FriU 
Miiller  tbtnks  that  some  of  the  appendage  of  the  proboscis  in 
Lepidoptera  may  be  oigans  of  triuch  or  tasto.  These,  which  differ 
much  in  number,  size,  and  fonn  in  differeal  species,  are  usually 
somewhat  movable,  and  bear  at  their  tips  a  delicate  rod,  re- 
sembling the  tactile  rods  or  olfactory  hairs  of  Crastacea,  etc. : 
Among  the  forms  in  which  these  have  been  note<l  are  Prepotut 
Lrtertes,  Hapeneharia  Erota,  Cokenis  Julia.  Apaiura  HUbneri. 


onwUrf. 

I.-Uuod  of  Vaiuua  U.  L..  iSla  both  Imulns  of  the  nu 

iill»  iDd  the  InbiAl  i«lp>  Ura 

«nt.«y.l  their  b««.(xl|. 

rcniD  wllhtii :  inon  hlshlT  DMUnl 

1  —TniniTenc  ucU'iii  of  the  ipiw»il  hiininc  iitttm  nn 

Mliu«t.«iiutlfiiiigniacd.    oo. 

fntniBd  by  appoiilUDD  pf  Ihe  Wo  i^hinneli. 

LrtUringtalMlnRg.™"" 

In  regard  to  their  length,  the  maxillary  laminiB  of  our  Lepi- 
doptera show  all  degrees,  from  the  proboscis  of  the  Convolvulas 
Hawk-moth,  80  ram.  long,  to  a  proboscis  scarcely  a  mitiimetre 
long.  Their  mouth-organs  may  be  almost  entirely  abortive  and 
only  comparable  to  those  of  the  Phryganiilw,  pointing  to  these  as 


'  Ctmepte»  lUfidia,  August  30,  1S76. 

'  Q.  J.  Mier.».  Sci.  vol  xv.  N.S.,  pp.  385— 8»ll. 

'  Proe.  Linn.  Sk.  N.  S.  fVala,  Augast,  1878. 

*  AnJav.  f.  ifi/T.  Anal.   Bd.  liv.  pp.  308—317,     Brfitanbaoh  has  aince  pub- 

' ij  the  boring  npparBtns  of  Lepiciopt^rn  {ihid.    "' 

■■      "    ■     ■      ■-   Isra.BiidJ"-       — 
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the  ancestors  of  the  Lepidoptera.  In  a  fcwmer  work  i  I  have 
sought  to  establish  the  pedigree  of  Lepidoptera,  which  has  been 
foreshadowed  by  entomologists  since  last  century :  the  subject  has 
been  much  more  thoroughly  discussed  by  my  friend  Dr.  A.  Speyer,* 
by  Mr.  R.  MacLachlan,*  and  by  my  brother  Fritz  Miiller.*  Apart 
from  tiny  midges  {e,g,  the  fertilisers  of  Arum  and  Aristolochia), 
and  from  those  insects,  especially  beetles  and  bees,  which  occasionally 
or  habitually  take  up  their  quarters  for  the  night  in  flowers, 
Lepidoptera  seem  to  be  the  only  insects  which  do  not  confine 
their  visits  to  flowers  to  the  daylight :  a  large  number  of  their 
species  have  acquired  the  habit  of  seeking  their  honey  in  the  dusk 
of  summer  nights  and  evenings,  free  from  the  competition  of 
other  insects.*  But  in  our  climate,  summer  evenings  on  which 
twilight-loving  and  nocturnal  Lepidoptera  fly  abundantly  are  not 
very  numerous.  Though  the  swift  and  violent  movements  of  these 
species  may  be  due  to  the  shortness  of  the  period  suitable  for  their 
flight,  or  to  the  pursuit  of  bats,  this  peculiarity  is  of  very  great 
importance  to  the  plants  they  visit ;  for  the  more  flowers  will  be 
visited  in  a  given  time,  the  less  timo  that  is  spent  on  each,  and  the 
shorter  the  time  that  is  spent  in  the  flight  from  one  to  another. 
This  explains  how  many  flowers  have  adapted  themselves  specially 
to  nocturnal  insects,  both  by  their  light  colours,  visible  in  the  dusk, 
and  by  their  time  of  opening,  of  secreting  honey,  or  of  emitting 
their  odour.  The  Sphingidse  perform  their  work  as  fertilisers 
peculiarly  rapidly,  dropping  their  long  proboscis  into  a  flower 
while  hovering  over  it,  and  instantly  hastening  away  on  their 
violent  flight  to  another.  Accordingly  most  nocturnal  flowers  have 
adapted  themselves  specially  to  these  Lepidoptera,  hiding  their 
honey  in  such  deep  tubes  or  spurs  that  it  is  only  accessible  to  the 
Sphingidse. 

*   Verh,  des  ncUurh,    Vereins  /.  pr,  Jtheinlatid  unci  Wealfalcn,  1869,  *'  Corre- 
gpondenzblatt,"  pp.  57 — 63. 


«  SteUiner  BrUom.  ZeUung,  1869,  pp.  202—228. 
*  •/.  Linn,  Soc.,  Zool.,  vol.  xi.  p.  100. 


<  Kosmosj  vol.  iv.  pp.  388—390. 
•  In  South  Brazil,  according  to  my  brother  Fritz  Miiller,  a  social  wasp,  Apoica 
paliida^  Lep.,  seeks  honey  only  by  night,  sitting  still  in  its  nest  by  day. 
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ii  KtStMi  I  fnfimt  to  discan  Facb  qnettieata  a«  lb  lblkiwi]i|^  in 

ft  Bmnbcr  of  mtm  or  oommcnlr  aildTaled  planta.    Bj  what  inncM 

istcd  I    Wlut  doea  tine  iMeGt  coine  in  qnot  o^  and  ho*-  dow  it 

Ib  ^Mt  nuaacr  Aim  it  eflnrt  tnnshmm  of  &e  poDmt    Wbafe 

s  cf  tli«  Bower  IttTe  Rp«cUt  nUiioii  to  the  putiralar  Tintorsl 

What  (pedal  pMnliaritks  of  the  Bosft  aid  <rr(ii«-fertili^tioii  in  ca»e  of  insect- 

■  viMtat    la  ataenoe  of  insect^  can  «eU-fertiIiation  take  place,  and  to  what 

ext^  don  it  aetaallr  occur  I 

"iMn  «R  lev  imtancea  in  which  I  am  in  a  podtion  to  answer  all  these 
qaertiiMt.  In  tooae  caaea  I  have  gtndied  the  structure  of  tlie  (knrer  but 
hara  nem  bad  an  oppoitnnitj  of  obeerrtng  its  ttiMi-t-viiiiinK  ;  in  other  caaes 
1  hare  noted  inaeet-viaitora  without  ttodving  dowly  the  nmhauisin  of  the 

In  diocwiag  mj  figures  I  faa.ve  taken  account  of  Ihoee  alreadj  tsSaHng. 
Ib  many  caaea  I  have  omitted  to  fignre  flowers  which  Happen  to  be  well 
Olntiated  in  the  woika  of  Sprengel,  Darwin,  or  Hildebrand  (a.;.  Arutolaelna 
QeMOtidit,  Fiela  frico/or} ;  in  other  cities  I  have  Belected  a  different  fpeues 
of  the  gmn*  {e^.  /ru,  Fob/gala).  And  in  niiwt  cases  1  hare  pansed  over  with 
a  Cew  worda  flower*  which  hare  been  described  elsewhere  in  great  detail, 
UnleM  I  bad  to  correct  or  amplify  the  prcvioiu  afcoimts. 

Prol*«KW  Schenck  of  Weilbnrg  has  checked  my  ideotifications  of  the  greater 
|Mft  of  mj  beea,  wasps,  and  land-waepa  (/onora) ;  Hr.  Frederick  Smith  hu 
compared  all  mj  species  of  bees,  wups,  and  nnd-wasps  with  the  collection  in 
the  Brttitb  MuMnm  (which  includes  Kirby's  type-specimens)  ;  Dr.  Speyer  of 
Rhoden  baa  placed  my  determinntions  of  Lepidoptera  beyond  dispute,  and 
Herr  Wtanertz  of  Crefeld  has  identified  those  Diptera  concerning  which  I 
remained doabtfaL  HerTBorBBtette,jnn.,  oTTeklenbnrg,  haseentmennmeiaiiB 
inaecta  collected  upon  flowers  in  his  neighbourhood,  along  with  accniatfi 
record*  of  the  plant  on  which  eat-h  s^cimen  was  obtained. 

Contraction*  employed  in  the  Littt  0/  Imeclt. 

Ih.  — licking  honey;   B,  =  Hncking;   c.p.  =  col!ecting  pollen  ;   f.p.-^feeding 

'in  follen  ;  for.  =  corolla :  ab.  — abundant. 
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S1(L  =  Sauerland  (Warstein,  Mdhnethal,  Brilon)  ;  Tekl.=aTeklenbuTg  (Herr 
Borgstette)  ;  Th.=Thuriiifi;ia  (neighbourhood  of  Miihlberg).  In  all  cases  in 
which  the  locality  is  not  specially  mentioned,  the  observation  was  made  near 
Lippstadt. 

Numbers  placed  in  brackets  after  the  names  of  insects  indicate  the  length 
of  the  proboscis  in  millimetres. 

(J  =male ;   ?  =  female ;   ?  =  worker. 


Obd.  RANUNCULACE.E, 

1.  Clematis  recta,  L. — The  flowers  are  destitute  of  honey. 
When  they  open,  the  stigmas  are  still  immature,  and  are  covered 
up  partly  by  the  stiff  hairs  of  the  pistil,  and  still  more  eflSciently 
by  the  stamens  which  press  closely  upon  them.  The  outermost  of 
these  latter  soon  begin  to  bend  outwards,  and  their  narrow  anthers 
dehisce  lengthwise,  so  that  the  broad  connectives  appear  covered 
on  both  sides  with  pollen.  At  this  time,  the  flowers  are  well  fitted 
to  supply  pollen  to  insects,  but  the  stigmas  are  unable  to  retain 
pollen  with  which  the  insect-visitors  are  coated.  The  bending 
outwards  and  dehiscence  of  the  anthers  now  proceeds  centripetally, 
and  before  the  innermost  stamens  have  joined  the  rest  the  stigmas 
lie  fully  developed  in  the  middle  of  the  flower.  Insects  which  come 
at  this  period  from  other  flowers  and  settle  in  the  middle  must 
accomplish  cross-fertilisation.  Bees  almost  always  alight  in  the 
middle  of  the  flower,  both  because  they  can  more  conveniently 
reach  the  stamens  from  the  centre  than  from  the  edge,  and  also 
because  the  anthers  near  the  centre  are  least  likely  to  have  been 
already  emptied.  The  pollen-eating  flies  which  settle  at  random 
on  the  flowers  and  creep  about  in  them  can  produce  self-fertilisation 
as  easily  as  cross-fertilisation.  In  default  of  insect-visits,  self- 
fertilisation  readily  takes  place,  for  the  outermost  stigmas  are  often 
touched  by  pollen  at  the  bursting  of  the  anthers,  and  frequently 
part  of  the  stigmas  lie  so  that  pollen  may  fall  directly  on  them 
from  anthers  above. 

Since  the  flowers  are  destitute  of  honey,  and  all  attractions  for 
insects  therefore  cease  with  the  dispersal  of  the  pollen,  their  pro- 
terandrous  condition  has  not  been  able  to  perfect  itself.  They  are 
naturally  oidy  visited  persistently  by  pollen-seeking  insects,  but 
by  these  in  considerable  abundance,  owing  to  the  large  stock  of 
pollen. 

A.  Hymenoptera — («)  Apidce:  (I)  Prosopis  signata,  Pz.  <^,f.p. ;  (2)  Andrena 
CNrjmana,  K.  ? ;  (3)  A.  albicans,  K.  ? ;  (4)  Halictus  sexnotatus,  K.  ?  ; 
(5)  Onuia  rufa,  L.  ? ;  (H)  Bombus  terrcstris,  L.  ? ;  (7)  Apis  mellifica,  L.  9  J 
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(b)  Spkagida:  (8)  Oxybeliu  nnigluiDu,  I^,  f.p.  ab.  ;  (9)  Girrtts  mjEtaceuB,  L., 
horering  over  the  flowers,  pertiaps  in  onler  U>  pluudi^r  Hies;  (r)  Vr^iidn: 
{10)  OifDerm  porietum,  L.  'i,do.  B.  Dipteni— (aj  Syrphida:  (11)  Sjrphaa 
pjraitri,  L.;  (12)  Helophflus  floreos,  L,  ;  (13)  Eristolu  sepnlcralis,  L. ; 
(14)  E.  arbiutoniin,  L. ;  (15)  Syrilta  pipiens,  L. ;  (16)  Xylota  ignaro,  Bi. ; 
(17)  X.  lenM,  Ugn.,  all  Ip.  ;  {b)  Muicida ;  (IS)  Proaena  dberita,  F. 
C.  Coleopteia— (19)  THcliiaB  fasciaros,  L^  devouriag  tlie  wbole  of  the  anthers. 

In  Clematis  Balearica,  Rich.  (C.  Hrrhosa,  L.),  the  outermost 
stamens  are  metamorphosed  into  spoon-shaped  nectaries,  which  are 
sucked  by  Bornhiis  and  Xylocopa  ;  in  Clrinalis  intrffri/olia,  L.,  the 
inner  stamens  secrete  honey  (567,  p.  8). 

2.  Thalictbum  AQUlLEoiFOLlCM,  L. — The  stamens  in  this 
plant  play  the  part  of  petals:  they  are  of  a  pale  lilac  colour, 
thickened  and  club  shaped,  and  radiate  outwards,  forming  constder- 
ab)e  bundles,  fifteen  to  twenty  mm,  in  diamettr  When  the 
flower  ui)en9,_  the  stigmas  are  covered  over  and  shielded  from 
insects  by  the  central  stamens,  which  are  crowded  together  and 
have  their  anthers  etill  closed.  In  young  flowers  the  insects 
alight  upon  the  anther-bearing  points  of  the  stiff  filaments,  and 
climb  with  some  difficulty  around  and  over  them  in  search  of 
[wUen.  In  older  flowers  the  central  stamens  are  directed  more 
outward.'),  so  that  now  the  insects  can  alight  more  conveniently 
upon  the  stigmas.  Thus  cross- fertilisation  is  accomplished.  In 
defatdt  of  insect- visits,  self-fertilisation  is  provided  for  by  part  of 
the  stigmas  always  standing  in  the  way  of  falling  pollen. 

The  flowers  are  devoid  of  honey,  and  are  visited  only  by  pollen- 
seeking  insects, 

A.  MymenofleTa—Apula  :  (1>  Proaipifl  signata,  Pz.  ^  9 .  f-P-  1  (2)  Hjilictna      J 
sexiiotatus,  K.?,  e.p.  ;  (3)  Apis  iiiulliGca,  L.  t} ,  cp.     U.  Dipteni— SjrpAtrfa :      | 
(4)  Rhin^A  rtvtnita,  L. ;  (5)  Erii^tolis  nrbiutoruia,  L.  ;  (<i)  K  nemurum,  L.  ;      ' 
(7)  E.  Bepulcraliis  L.  ;  (8)  E.  tenax,  L.,  nil  f.p.     C.   Cultwptera— (9)  Tritliius 
asciatuB,  L.,  devonring  the  antben  lixlily.     See  also  No.  609, p.  IHt. 

Atroffcne  alpina,  L.^The  pendulous  violet  flowers  only  give  up 
their  honey  to  insects  which  can  force  asunder  the  numerous 
stamens,  which  arc  set  closely  in  several  whorls, — viz.  bees  and 
humble-bees ;  and  in  point  of  fact  only  these  insects  have  been 
observed  to  fertilise  the  plant  (590,  609).  The  grooved  inner  surface 
of  the  basal  half  of  the  iilanient  secretes  and  lodges  honey. 

3.  Thalictrum  flavum,  L. — This  plant,  which  is  abundant 
1  meadows  by  the  Lippc,  lias  likewise  honeyless  flowers.     I  found 
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them  to  be  chiefly  visited  by  pollen-feeding  flies,  and  oa  July  1, 
1868, 1  took  the  following  :~ 

A.  Diptera— (a)  Syrphidm:  (1)  Eristalis  nemonun,  L.  ;  (S)  E  arbuBtorum, 
L. ;  (3)  E  tenai,  L. ;  (4)  E.  aepalcralis,  L.,  all  four  f.p.,  very  ab,  ;  (5)  Syritta 
pipiena,  L.,  Cp. ;  (fr)  Miucidtt :  (6)  PoUenia  Vespillo,  P.,  f.p.,  ab.  B.  Hymen- 
optero — Apidre  ;  (7)  Apis  inellifico,  L  5 ,  c.p.  ■>  vtry  ab. 

Tkalictrum  minus,  L.,  is  an  aoeaiopbilous  degceodaDt  of  ento- 
mophilous  ancestors.  The  flowers  are  proterogynous,  and  retain,  as 
traces  of  their  former  entomophilous  cooditton, — the  noD-simultano- 
ous  dehiscence  of  the  anthers,  slight  cohesiveness  of  the  pollen,  and 
perhaps  also  the  conspicuous  yellow  colour  of  the  anthers  (590, 1.). 


lUi  a  mdJiuenttiy  •nUierluU' 

F.'— nitior  wen'obiiqn'eiy  from  within. 

O.— A«Kp«l(C-0,  X  4|). 

n,  utcUry  ;  th,  Tioney-nceptAde, 

E^atiea  triloba,  Gil.  {Anemone  hepalica,"L.),  is  visited  by  bees 
aod  Syrphidm  for  its  pollen  (590,  I.}. 

Fulmlilla  vulgaris.  Mill.  (Anemone  Pulsaiilla,  L.). — The  abun- 
dant pollen  is  much  sought  by  bees ;  honey  is  secreted  by 
rudimentary  stamens  reduced  to  short  stalked  knobs  (590,  I,). 

Pulsatilla  vernalis,  L. — My  specimens  from  the  Stelvio  wero 
slightly  proterogynous ;  Ricca's,  from  Val  Camonica,  were  very 
markedly  so.  The  nectaries  here  also  axe  modified  stamens 
(590.  609). 
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4.  Anemone  nemokosa,  L.— This  plant  also  has  flowera  destitute 
of  honey,  in  which,  however,  the  sepals,  not  the  stamens,  play  the 
part  of  petals  in  rendering  the  flower  conspicuous.  When  the  , 
flowers  open,  the  stigmas  are  still  covered  up  and  protected  by  the 
stamens,  but  during  the  greater  part  of  the  period  of  flowering 
both  stigmas  and  anthers  are  mature  at  the  same  time,  and  exposotl 
to  the  touch  of  insects.  These  alight  sometimes  in  the  centre  of  a 
flower,  sometimes  on  a  sepal,  touching,  therefore,  either  stigmas  or 
anthers  first,  and  they  accomplish  self-fertilisation  as  well  as  cross- 
fertiliaatioa.     The  inclined  position  of  the  flower  brings  more  or 


imorphMtdlutoiierUrics;  and  Bnmcuf  the  neillD 
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less  of  the  stigmas  in  the  line  of  fall  of  the  pollen,  which  leads  to 
self-fertilisation  if  insects'  visits  fail ;  but  experiment  has  yet  to 
decide  on  the  efficacy  of  this  self-fertilisation. 

On  February  25,  1868,  out  of  seven  flowers  in  my  room,  which 
had  opened  simultaneously,  I  fertilised  two  with  pollen  from  other 
flowers,  two  with  tlieir  own,  and  I  left  three  untouched.  On 
February  29,  in  both  of  those  which  had  received  the  pollen  of 
other  flowei-s,  all  the  anthers  had  fallen  off  and  the  ovaiies  were 
distinctly  swollen  ;  in  the  two  which  had  been  fertilised  with  their 
own  pollen,  most  of  the  anthers  had  fallen  off  and  the  ovaries  were 
swollen,  but  much  less  so  than  in  the  two  former  cases ;  the  three 
remaining  flowers,  which  had   been  untouched,  still   retained  all 
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their  anthers.  The  sepals  were  still  quite  fresh  in  all  seven  flowers. 
The  experiment  was  not  completed,  as  the  plants  withered  in  the 
irregularly-heated  room. 

Visitors :  A.  Hymenoptera— (1)  Halictus  cylindricus,  F.  ? ,  c.p. ;  (2)  Andrena 
fulvicrufl,  K.  9 ,  c.p. ;  (3)  A  albicans,  K.  ^ ,  f.p.  ;  (4)  Osmia  fusca,  Christ.  ? , 
c.p.  ;  (5)  Apis  mellifica,  L.  5  >  i^  hundreds,  c.p.  and  also  s.  B.  Biptera — 
(6)  Scatophaga  stercoraria,  L. ;  (7)  Sc.  merdaria,  F.,  both  f.p.  C.  Coleoptera 
— (8)  Meligethes,  f  p.  ;  (9)  Mordella  puniila,  GylL    See  also  590,  i. 

Although  I  could  not  detect  any  honey,  even  by  help  of  a 
lens,  I  repeatedly  observed  a  hive-bee  flying  from  flower  to 
flower  and  thrusting  its  proboscis  into  one  or  more  spots  in  the 
base  of  the  flower,  between  the  sepals  and  carpels.  Here  the  bees 
doubtless  tapped  the  juice  which  the  flowers  did  not  of  themselves 
furnish,  and  which  the  bees  were  in  want  of  to  moisten  the  pollen 
that  they  collected  at  the  same  time.  Once  I  saw  a  honey-bee 
first  suck  honey  on  flowers  of  Cardumine  pratensis  and  then  fly  off 
to  gather  pollen  on  Anemmie  nemorosa. 

Even  in  spots  where  Primula  elatior  was  blooming  abundantly, 
hive-bees  remained  busily  occupied  upon  the  wood  anemone. 

Anemone  alpina,  L. — This  species  is  androdioecious.  The  male 
flowers  are  distinctly  smaller  than  the  hermaphrodite,  and  the  latter 
are  proterogynous.  The  plant  is  visited  by  numerous  bees  and  flies, 
though  the  flowers  are  devoid  of  honey  (609). 

Anem^one  narcissifolia,  L.,  is  proterandrous,  the  stigmas  not 
being  mature  until  the  anthers  have  dehisced  or  have  even  been 
emptied.     The  flowers  are  devoid  of  honey  (609). 

Adonis  vemalis,  L.,  is  proterogynous  and  devoid  of  honey.  The 
visitors  are  chiefly  bees  and  also  ants  (590, 1.). 

MyosuTus  minimus,  L.,  is  proterandrous,  according  to  Delpino. 
After  the  anthers  wither,  the  apex  of  the  ovary  becomes  lengthened 
into  a  long  cone  and  develops  its  stigmas.  Delpino  thinks  that 
the  flowers  are  fertilised  by  flies  (No.  177,  p.  57). 

According  to  my  own  observations,  the  enormous  elongation  of 
the  axis  bearing  the  pistil  has  simply  the  object  of  self-fertilising 
most  of  the  numerous  stigmas  by  means  of  the  small  number  of 
anthers,  for  insect-visitors  are  very  few.  The  anthers,  which  lie 
close  around  the  axis,  let  their  pollen  emerge  very  gradually  by 
two  lateral  slits,  while  the  lengthening  axLs  brings  jfresh  stigmas  in 
contact  with  them.  As  visitors  of  this  plant,  I  have  observed 
chiefly  minute  insects,  not  more  than  1  to  1^  mm.  long  ,viz.  Diptera 
of  the  genera  Sciara,   Chironomt(s,   Scatopsc,  Phora,    Cecidomyia, 
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Oscinw,  and  Mierophoms.  besides  smn.U  Pleromalidai  and  minute 
Ichncum(mid(c,  a  small  ffaltica,  some  ArUhomyim,  and  a  single 
Melartoatoma  mellina  (570,  vol.  x.  p.  129). 

5.  Banunculds  AQUATaia,  L, — The  yellowish  base  of  each 
petal  serves  to  guide  insects  towards  the  honey ;  on  it  stands  an 
obliquely-placed  tubercle,  truncate  abuve,  and  provided  with  a 
honey-secreting  hollow,  which  plays  the  parts  of  gland  and 
receptacle  for  the  nectar. 

The  anthers,  which  are  few  in  number,  dehisce  one  after  the 
other  when  the  Hower  opens,  and  cover  themselves  all  round  with 
pollen ;  the  stigmas  become  developed  at  the  same  time,  and  often 
come  in  contact  spontaneously  with  the  pollen  on  the  anthers.  < 

The  flowers  are  frequented  by  a  large  number  of  insects,  j 
especially  Diptera,  which  alight  sometimes  in  the  middle  of  the  ^ 
flower,  sometimes  on  the  edge,  and  so  effect  self-fertilisation  as  well  1 
as  cri>ss-fertilisation.  J 

A.  Dipt4!ra— (a)  Syrjihidit .-  (1)  £rialalu  tunas.,  L. ;  (2)  E.  arbuatorum,  | 
L.  ;  (3)  E.  nemonim,  L,,  all  three  abundant,  now  aucking,  now  collectin){  ' 
pollen,  plentifully  dusted  with  pollen  ou  the  legs  and  (speoiully  on  the  Bolea 
of  the  feet ;  (4)  Hekipliilua  fluivuH,  h.  ;  (5)  Chrysogaster  Tiduata,  L.,  also  s. 
and  f.p,  1  (£)  Muteida  :  (B)  Scatophu^  inordaria,  F.,  f.p.  ;  various  small 
Muscidie,  i.  and  e.p.  which  escAped  me.  6.  Hymenaptera— Jjnt/iE .-  (7)  Apia 
mellifica,  L.  (f  ,o6.,8.and  c.p. ;  (8)  Boinbuaterreatria,  L.  2i*-  C.  Coleopteia — 
Chrymimelida :  (9)  Helodea  phellonJrii,  L.,  devouring  antheia  ftnd  petals.  S«e 
niso  No.  590,  I.,  pp.  48,  4i). 

When  the  water  is  unusually  high,  the  flowers  of  Ranunculus 
aqualUis  remain  submerged  and  do  not  open,  but  fertilise 
themselves  (17,  p,  l-l,  351,  p.  17). 

HanuTicvhis  glacialis,  L.,  is  slightly  proterandrous  (Ricca) ; 
R.  alpeslris,  L.,  is  homogamous  or  slightly  proterogynous ;  R.  par- 
iiaeaifolius,  L.,  and  R.  pyrenmus,  L.,  var.  hupkuri/olius,  D.C.,  are 
proterogynous  with  persistent  stigmaa.  In  all  these  species  the 
shape  of  the  nectaries  is  very  variable  (609). 

6.  Randnculus  Flammola,  L. — The  flowers  have  scarcely 
opened  when  the  outermost  anthers  dehisce  extrorsely,  covering 
their  sides  which  are  turned  towards  the  petals  with  pollen,  so 
that  insects  which  try  to  plunder  the  honey  secreted  by  the  little 
scales  at  the  base  of  the  petals  must  of  necessity  dust  themselves 
with  pollen.  The  stigmas  are  at  this  time  concealed  or  almost 
concealed  by  the  inner  stamens,  and  so  are  ensured  against  contact 
with  insects;  they  are,  moreover,  not  yet  fiilly  developed.     The 
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opening  of  the  anthers  progresses  slowly  towards  the  centre  of  the 
flowers,  and  each  stamen  as  it  dehisces  bends  outwards  and  turns 
its  pollen-covered  side  outwards.  These  stigmas  are  fiilly  developed 
before  the  innermost  stamens  join  the  others,  and  the  flowers, 
■which  before  could  only  dust  their  visitors  with  pollen,  can  hence- 
forth be  fertilised  either  with  their  own  or  other  pollen.  All 
visitois  which  alight,  bearing  pollen,  in  the  middle  of  the  flower 
effect  cross-fertilisation ;  others,  which  alight  first  on  a  petal  and 
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touch  the  anthefB  and  then  the  stigmas,  can  accomplish  either  self- 
fertilisation  or  cross-fertilisation.  So  if  insects  alight  in  equal 
numbers  in  the  two  ways,  cross-fertilisation  must  be  the  more 
frequent  result.  After  numerous  observations  on  this  and  the 
following  species  of  Ranunculus,  I  am  able  to  state  that  the  two 
modes  of  alightiog  are  equally  common  for  small  insects ;  but  all 
larger  iuEects  (which  are  about  as  long  as  the  diameter  of  the 
flower)  come  in  contact  with  the  stigmas  and  the  anthers  at  the 
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same  time,  and  therefore  most  dust  the  stigmas  with  pollen  from 
other  flowers ;  hence  the  cross-fertilisations  are  stiJl  more  numerous 
than  the  self-fertilisations.  Id  default  of  insect- visits,  the  power 
of  self-f'eitilisation  is  retained,  some  of  the  outermost  stigmas  being 
often  touched  by  pollen  from  the  innermost  anthers. 

Although  the  arrangement  of  the  flower  is  quite  like  that  of 
the  following  species  of  Ranunculus,  R.  Flammida  is  very  sparingly 
visited  by  insects,  one  reason  at  least  being  that  its  flowers  are 
much  smaller  and  less  conspicuous. 

VidtoTs:  A.  Diptera— (a)  Sj/rphiiia:  (1)  Syritt*  pipiens,  L.,  (^p.  and  f. 
{2}  Cheilosia,  Kp.  f.p.  :  (3)  UelilbreptoB  Ucnistua,  Mgn.,  tp.  aiid  a.  ;  (b) 
Itveida;  (4)  Scatophafia  menlaria,  F.,  tp.  ;  (5)  Anthomfia  sp.  B.  Hymen- 
optcra — Apida  :  (6)  Halictue  cjlindriciw,  V.  5 ,  cp.  ;  (?)  H,  fluvipea  F.  ? , 
c.p,    C.  Lepiiloptem — (8)  SatjTiu  paiupliilua,  L.,  s. 

Banuncidui  vumtanus,  L.,  is  pro terogy nous  with  persistent 
stigmas  (609). 

7.  Ranuscuxcs  acbis,  L..  R.  repens,  L.,  R.  bulbosus,  L. — 
These  Bpeciea  agree  with  R.  Flammula  in  the  structure  of  their 
flowers,  and  with  each  other  in  their  habitat,  in  the  conspicuousness 
of  their  flowers,  and  therefore  also  in  the  insects  which  visit  them. 
Mr.  Thomas  Wbitelegge  (No.  774)  states  that  they  are  all  some- 
times gynodioecious.  I  have  observed  very  many  of  the  following 
visitants  in  equal  abundance  and  similarly  engaged  on  all  these 
species;  and  I  have  even  noticed  the  hive-bee,  which  in  general 
keeps  strictly  to  one  species  of  flower,  pass  from  Ranunculus  acris 
to  R.  rcpens  and  R.  inUhosus,  or  vice  versd,  without  any  distinction. 
I  accordingly  catalogue  the  visitors  of  these  three  species  together. 

A.  Diplera— (a)  Empidit:  (1)  EmpiB  tCKelata,  F.,  &  ;  {b)  AniUdix:  (!) 
Dioctria  atricapUJa,  Mpi.  (Tekl.  B.)  ;  {e)  SyrphUa  :  (3)  Chrysotoxunj  arcu- 
ntnm,  L.  (Sid.),  b,  and  f.p.  ;  (4)  Chr.  festivum,  L.,  s.  ;  (5)  Pipiw  funebria, 
Mgn.,  B.  ;  (0)  P.  chiilybeata,  Mun.,  f.p.  ;  (7)  ClirjBOBafiter  Macquarti,  Loew.  ; 
(8)  Cli.  viduata,  L.,  very  ab.,  bolh  b.  and  f.p. ;  (9)  CIteilosia  pabera,  Zett, 
r.p.,  ab. ;  (10)  Cb.  albitarai's  Mgn.,  ab.,ti.  and  f.p.  1  (11)  Uoianoatoiiia  melliua, 
L.,  B.  ;  (IS)  PlatycheiniB  albimanu*,  F.  (Tekl,  B),  f.p.  j  (13)  Syrphus  ribcBii, 
L. ;  (14)  Eristalie  tenui,  L.  ;  (15)  E.  arbustorutn,  L.  ;  (16)  E.  nemonim, 
L.  ;  (17)  E.  depulcralifi,  L.  ;  (18)  Melitlireptua  icriptUB,  L.  ;  (19)  M.  pictus, 
M|^. ;  (20)  M.  tsniatua,  Mgn.;  (21)  SyritU  pipiens,  L., — the  last  nine  at., 
Itoth  s.  and  l.p. ;  (<i)  Muicida :  (22)  Cyiloneura  cajrulesceus,  Mcq.,  ». ; 
(23)  Authomyia,  up.  B.  Coleoptera — (a)  Nilidulida:  (24)  Meligethea,  very 
al).,  B.  and  f.p.  ;  [b)  Dermeilii/a  :  (29)  fijturue  fumatns,  F.,  f.p.,  ab.  ;  (r) 
Bvprttliila :  (26)  Antbaxia  nitidnia,  L.  in  copnlS  on  flowers  of  R.  repent; 
(rf)    itwtltllida  .-   (B7)   Mnrdella  aculeafa,  L. ;   (28)   M.  piisiUa,  Dej.  ;  (29)  M. 
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pumila,  Gyll.  ;  («)  (EJemeruffe :  (30)  (Edemera  viresceiis,  L.,  ab. ;  (/) 
dttelidce :  (31)  Cistela  murina,  L.,  devouring  the  petals  and  stamens ; 
(g)  CeramhycidiB :  (32)  Strangalia  nigra,  L.,  do. ;  (A)  Chrysomelida :  (33) 
Helodes  aucta,  F.,  devouring  the  petals,  along  with  its  larva)  (May  24,  1870) ; 
(34)  Cryptocephalus  sericeus,  L.,  devouring  the  anthers.  C.  Hymenoptera, — (a) 
Tenthrediniefa :  (35)  Cephus  spinipes,  Pz.,  ab.,  s.  and  devouring  the  anthers  ; 
(36)  Cephus,  small  undetermined  species ;  (6)  Sphegida :  (37)  Oxybelus 
uniglumis,  L.  ;  (r)  Vespidce :  (38)  Odynerus  spinipes,  H.  Sch.  ?  (quinque- 
fasciatus,  F.) ;  (d)  Apidce :  (39)  Prosopis  hyalinata,  Sm.  (J,  s.  and  Ip. ;  (40) 
Halictus  longidus,  Sm.  9,8.;  (41)  H.  fiavipes,  F.  9,  c.p.  ;  (42)  H.  villosulus, 
K.  9 ;  (43)  H.  sexsignatus,  Schenck,  9 »  8. ;  (44)  H.  rubicundus,  Chr.  9  >  s-  >  (45) 
H.  quadricinctus,  F.  9 ,  c.p.  ;  (46)  H.  leucozonius,  Schr.  9  >  laden  with  pollen, 
sheltering  itself  from  the  rain  in  flowers  of  R.  bulbosus  (June  10,  1871)  ; 
(47)  H.  zonulus,  Sm.  <J ,  s. ;  (48)  H.  cylindricus,  F.  9 ,  c.p.  ;  (49)  H.  maculatus 
Sm.  9  <J  >  8*  wi<i  ^'V-j  *'^-  J  (^^)  H.  nitidiusculus,  K.  9 ,  s- ;  (51)  H.  sexnotatus, 
K,9>c.p.  and  s. ;  (52)  Andrena  fulvicrus,  K.  9<J,  s.  and  cp.,  ab. ;  (53)  A. 
albicans,  K.  9  c?  *  do*  ;  i^"^)  A  albicrus,  K.  (^ ,  s.  ;  (55)  Panurgus  calcaratus 
Scop.,  8. ;  (56)  Chelostoma  florisomne,  L.  9  <J  >  C'P*  ^^^  s. ;  (57)  Osmia 
rufa,  L.  (f ,  s. ;  (58)  Apis  mellifica,  L.  9  >  s.  D.  Lepidoptera — (59)  Lycfiena 
Icarus,  Rott. ;  (60)  Satyrus  pamphilus,  L. ;  (61)  Polyommatus  Phlceas,  L.;  (62) 
Euclidiaglyphica,  L.,  all  s.    See  also  No.  590,  i.,  pp.  49 — 59  ;  No.  609,  p.  135. 

If  we  compare  the  insect-visitors  of  these  species  of  Ranunculus 
with  those  of  the  typical  Umbelliferae,  we  observe  the  following 
remarkable  differences.  (1)  Since  the  honey  lies  less  exposed, 
those  insects  which  are  least  fitted  for  sucking  flowers  are  ab- 
sent, viz.  Neuroptera,  Ichneumonidce,  Tipulidce,  etc. ;  Sptiegidce  and 
Vespidce  are  only  met  with  sparingly.  (2)  Of  the  flies,  Syrphidoi 
form  the  great  majority ;  they  are  fond  of  brilliant  colours,  and 
are  attracted  by  the  bright  yellow  of  the  Eanunculus  flowers. 
(This  love  of  colours  is  clearly  expressed  in  their  own  colours,  the 
result  of  sexual  selection.)  (3)  It  is  also  owing  to  their  bright 
colour  that  the  flowers  are  frequented  by  the  beetle  Cryptocephalus 
sericeus,  and  that  Anthaxia  nitidiila  resorts  to  them  for  pairing. 
In  these  and  in  many  other  beetles,  as  in  the  humble-bees,  it 
seems  as  if  the  habit  of  feeding  on  flowers  had  called  out  the 
colour-sense  and  the  taste  for  bright  colours,  and  that  sexual 
selection  had  then  been  guided  by  this  taste.  (4)  Bees  occur 
much  more  abundantly  on  flowers  of  Ranunculus  than  on  the 
XJmbelliferse,  because  the  former  aire  richer  in  both  honey  and 
pollen.  These  flowers  seem  especially  to  meet  the  wants  of  the 
genus  Halictus,  of  which  I  have  taken  twelve  species  on  them, 
mostly  in  abundance.  Besides  the  least  specialised  bees  {Prosopis, 
Malietiis,  Andrena)  and  the  most  specialised  (Apis),  intennediate 
genera,  such  as  Panurgus  and  Chelostoma,  which  are  absent  from 
Umbelliferaj,  visit  the  flowers  of  Ranunculus, 
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8.  Ranunculus  LANUGlsoaua,  L.,  is  precisely  similar  in  the 
arrangement  of  its  flowers  to  the  tliree  last-named  species ;  but 
growing  in  woods,  where  fewer  flower- visiting  insects  occur,  it  is 
frequented  by  a  smaller  number  of  species  in  spite  of  its  larger 
and  more  conspicuous  flowers. 

ViaitorB  ;  A.  Diptera — (a)  BmpidiE ;  (1)  Enipis  livida,  L.,  s.  ;  (li)  Sj/rphida:  : 
(2)  Bpeciea  of  Cheiloeia,  f.p.,  nb.  ;  (c)  Muicida :  (3)  Anthomyia,  f.pT  very 
nb.  B.  Coleoptera — (a)  XUidulido! :  (4)  Meligethes  tentus,  F.,  ab.  (I  could 
see  diatinctly  with  a  lens  bow  these  small  beetles  gnawed  this  innei  mirface  of 
Ihe  petals  and  the  stamena} ;  (6)  Dermenliiia :  (ft)  Bytunis  funiBiiw,  L..  f.p.,  ab. 
C.  Hynienoptera — (a)  Tenthredirtviir :  ((i)  Cephns  pallipes,  Kl,,  very  ab.,  f.p. 
and  B,,  along  with  other  epeciea  ;  (!•)  Apidi^  :  (7)  Aiidrena  uingulatn,  F.  J  i 
c.p. ;  (8)  Cheloetoma  flori9nm.ne,L.  ,^,8.;  (9)  Osmia  fiisea,  Oirist.  9,i:.p.,and 
St  the  same  turning  round  in  the  flower  and  emptyiDg  nil  the  nectaries  ;  (10) 
Bombus  terreBtrii',  L.  5 1  »■    See  also  No.  590,  i.,  p,  51, 

9.  Ranunculus  Ficaria,  L.,  also  resembles  B.  aoris,  E.  repens, 
and  S.  bulboms,  but  it  blooms  earlier  when  fewer  flower- visiting 
insects  are  abroad,  a  disadvantage  which  is  perhaps  partly 
compensated  for,  by  the  insects  having  at  that  time  fewer  kinds  of 
flowers  to  choose  from.  At  the  beginning  of  the  flowering  period, 
we  find  as  in  R.  auricomus,  many  flowers  with  very  few  petals, 
sometimes  so  few  as  two  or  three  :  later  on  the  number  increases 
to  eight  or  even  eleven,  and  they  expand  in  the  sunshine  to  a  golden 
star  20  to  25  mm.  in  diameter. 

Visitors :  A.  Diptiira — (n)  Si/rpfiidm  :  (I)  Brauhypalpus  valgus,  Pz.,  f.p,  ; 
(6)  Mmcida :  (2)  Sepsis,  ab, ;  (3)  Anthomyia  radicum,  L.,  very  ab.  ;  (4) 
Scatoplinga  merdaria,  F.  B,  Hymenoptera— .dpiWiB  .■  (5)  Apis  meUificn,  L., 
5 ,  B,  and  f.p.,  ab. ;  (6)  Andreiia  Owynana,  K,  $ ,  c.p, ;  (7)  A.  albicans,  K. 
$  [J,  c.p.  ande. ;  (8)  A,  pan'ula,K,  ¥,s, ;  (9)  Halictuseylindricus,  F.  ?,  s.  ; 
nO)  H,albipea,F.  9,8,;  (11)  H.  lucidua,  Schenek,  2,b-;  (13)  H.  nitidins- 
culue,  K.  ? ,  8.  C,  Coleoptera — (13)  Meligethes,  ab.,  «.,  f  p.,  and  gnawing  the 
petals.  D.  ThyBanoplei'a^(14)  Thrips,  very  ab.  Scealso  No.  590, 1.,  pp.  51,S2. 

10.  Ranunculus  aubicomus,  L, — The  flowers  of  this  species 
exhibit  in  their  petals  a  great  variety  of  forms  of  nectary,  which 
are  very  remarkable  and  help  us  to  explain  the  various  nectaries 
of  different  Ranunculacese. 

The  corolla  is  seldom  regular,  but  as  a  rule,  some  or  even  all 
of  the  petals  are  more  or  less  stunted  or  even  absent,  and  the 
sepals,  with  their  bright  yellow  limb,  take  the  place  of  petals 
partly  or  completely.  The  honey-glands  at  the  base  of  the  petals 
are  subject  to  the  following  modifications.  In  the  most  perfect 
petals  (1  and  2,  Fig.  26)  the  inner  side  of  the  triangular  claw  has 


PART  HI.]  THE  MECHANISMS  OF  FLOWERS. 


79 


usually  a  thickened  border  on  either  side  :  and  these  borders  fuse 
below,  and  at  their  junction  form  a  little  pit  which  secretes  honey. 
Some  perfectly  formed  petals  occur,  however,  in  which  the  honey 
is  secreted  not  by  this  hollow,  but  by  two  smaller  pits  which  stand 
to  the  right  and  left,  on  the  broader  thickened  margins  (3,  Fig.  26). 
In  very  stunted  petals  (5  to  7  mm.  long,  and  3  to  4  mm.  broad,) 
there  is  developed  upon  the  inner  side  of  the  base  a  smaller 
lamina,  which  is  fused  with  the  larger  for  the  space  of  2  to  3  mm., 
and  has  a  free  portion  I  to  3  mm.  long.  Between  the  two  laminae, 
two  honey-canals,  separated  by  a  fold^  are  deeply  sunk  (7,  8, 
Fig.  26).     Such  petals  have  a  striking  resemblance  to  those  of 


,n        t». 


Pio.  2n. 
1  —8.  —Petals  of  Ranwuului  awieomut,  9.  —Fetal  of  EranihU  MemalU.    n,  nectary. 


EranthiB  hiemalis.  Between  these  three  varieties  we  find  various, 
often  unsymmetrical,  intermediate  forms,  (4,  5,  Q,  Fig.  26)  in  which 
sometimes  no  honey  is  secreted  (4,  5). 

After  completion  of  my  manuscript  I  found  (April  5  and  20,  1872)  the 
following  insects  in  flowers  of  R.  auricomua  :  A.  Hymenoptera — (a)  Apidce : 
(1)  Andrena  parvula,  K  ? ,  c.p.  ;  (2)  A.  fulvescens,  Sm.  <J ,  s. ;  (3)  Halictus  cylin- 
dricus,  F.  ? ,  c.p. ;  (6)  Formicida :  (4)  an  imdetermined  sp.,  licking  honey. 
B.  Diptera — (a)  Syrphidas:  (5)  Pipizella  virens,  F.,  f.p.  ;  (6)  Cheilosia  ver- 
nalis,  Fallen,  f.p.  ;  (6)  Muscidas :  (7)  Anthomyia  radicum,  Mgn.  ?  ^ ,  very 
ab.,  but  so  wild  that  I  could  not  see  what  it  was  doing  ;  (8)  Scatophaga  mer- 
daria,  F.,  s.  and  f.p.  C.  Thysanoptera— (9)  Thrips,  ab.  Ants  and  Thrips 
were  observed  in  the  flowers  by  SprengeL     See  also  No.  590,  i.,  p.  52. 

11.  Caltha  palustris,  L. — The  honey  is  secreted  by  two 
shallow  depressions  on  the  sides  of  each  carpel,  bounded  by  a  slight 
fold.  It  is  so  abundant  that  the  drops  secreted  by  the  adjacent 
sides  of  two  neighbouring  carpels  often  flow  together  into  a  large 
drop   filling  up  the  cleft   between.     Anthers  and  stigmas  ripen 
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simultaneously,  but  cross-fertilisation  is  favoured  by  the  hct  that, 
as  in  Ranunculus,  the  anthers  open  outwards,  and  the  outermost 

are  the  first  to  dehisce.  Self-fertilisation  as  in 
Ranunculus  is  still  possible.  The  very  con- 
spicuous golden-yellow  flowers,  which  expand 
to  a  diameter  of  more  than  40  mm.,  are  visited 
in  sunny  weather  by  very  numerous  insects,  of 
comparatively  few  species  owing  to  the  early 
time  of  year. 

A.    Diptera — (a)  Stratiomyidas :   (1)  Odontomyia "ar- 

gentata,   F.  ;   (b)   Syrphufa :    (2)    Cheilosia    sp.,    f.p.  ; 

Canka'p^Ml!i!.         (^)  ^^'^^  podagrica,  F.,  f.p. ;   (4)  Rhingia  rofltrata,  L., 

it  Btignui ; «.  nectary       ^'P* »  (^)  Eristalis  intiioarius,  L.  (these  handsome  flies 

beating  a  drup  of  honey.      displayed  clearly  their  taste  for  bright  colours  ;   they 

hovered  over  the  vellow  flowers  as  the  males  of  Eristalis 
hover  over  the  females,  then  suddenly  settled  to  suck  honey  or  feed  on 
pollen,  and  again  flew  off  abruptly  to  another  flower  to  repeat  the  same 
actions)  ;  (c)  Muscida :  (6)  Scatophaga  merdaria,  F.,  f.p. ;  (7)  Anthomyia, 
very  ab.,  f.p.  B.  Coleoptera — Nitidululce  :  (8)  Meligethes,  very  ab.,  s.  and  £p. 
C.  Hymenoptera — Apida:  (9)  Andrena  albicans,  K.  (J,  s;  (10)  Osmia  rufa, 
1^»  c?»  8.  ;  (11)  Bombus  terrestris,  L.  ?,  making  the  circuit  of  each  flower, 
and  licking  the  drops  of  honey  from  every  cari)el  ;  (12)  Apis  melliflcA,  L.  9  > 
in  hundreds,  collecting  pollen,  and  only  sucking  honey  to  aid  in  storing  the 
pollen.     See  also  No.  590,  i.,  p.  52  ;  No.  609,  pp.  135, 136. 

Trollius  curopccus,  L.,  is  homogamous.  The  stigmas  are  over- 
topped by  the  anthers  and  are  dusted  regularly  with  their  pollen, 
wliich  is  probably  outstripped  in  its  action  by  pollen  brought  from 
other  flowers  (609). 

12.  Eranthis  hiemalis,  Salisb. — This,  the  earliest  of  all 
the  Kanunculacese  here  considered,  exhibits  regularly  in  its  petals 
the  same  conversion  into  little  pockets  for  honey  that  our  earliest 
species  of  Ranunculus,  R.  auricomus,  displays  occasionally.  Its 
calyx  has  completely  assumed  the  function  of  rendering  the  flower 
conspicuous,  as  do  the  sepals  of  -ff.  aurncamus  to  a  modified  extent. 
In  other  respects  the  arrangement  of  its  flower  agrees  with  those 
last  described. 

On  February  26,  1871, 1  saw  the  following  insects  on  flowers  of 
E,  hiemalis  in  my  garden,  during  bright  sunshine. 

A.  Diptera— 3fM«r*Vrp  ;  (I)  Pollcnia  rudis,  F.,  stroking  petals,  anthers,  and 
Hometimes  stigmas,  with  the  end-flaps  of  its  proboscis,  but  finally  thrusting  its 
proboscis  into  the  nectaries  ;  (2)  Musca  domestica,  L.,  ditto  ;  (3)  Sepsis,  busy 
about  the  anthers.  B.  llymtuo^tem— A pidce :  (4)  Apis  mellifica,  L.  9,s. 
and  f.p.,  in  great  numbers,  sufficient  to  fertilise  all  the  flowers. 
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III  many  seasons  with  less  favourable  weather  I  have  found 
E.  himnalis  (which  I  ha^e  immediately  in  jfront  of  my  window, 
and  can  easily  watch)  not  visited  by  insects  at  all,  and  yet  bearing 
fruit,  but  more  sparingly  than  when  insect- visits  have  taken  place. 
The  reason  of  the  smaller  number  of  seeds  is  that,  as  in  Ranun- 
culus and  Caltha,  self-fertilisation  can  only  take  place  to  a  limited 
extent :  for  when  I  fertilised  in  my  room,  one  flower  with  its  own, 
and  another  witlf  extraneous  pollen,  both  produced  seeds  in  equal 
abundance. 

The  species  of  Hdleborus  are  proterogynous,  according  to 
Hildebrand(35i). 

Nigella  arvensis,  L. — The  proterandrous  flowers  of  this  plant 
are  provided  with  nectaries  covered  by  movable  lids,  and  are 
fertilised  by  bees.     They  have  been  fully  described  by  Sprengel.^ 

Nigella  damascena,  L.,  is  visited  by  Ceratina  callosa,  F.  c^,and 
Prosopis  signaia,  Nyl.  <J  (Apidae)  (590,  i). 

13.  Aquilegia  vulgaris,  L. — The  five  sepals  of  the  pendulous 
flower  form  broad  blue  expansions,  which  help  to  render  it 
conspicuous.  Each  of  the  five  petals  is  hollowed  out  from  its 
insertion  upwards  to  form  a  hollow  spur  15  to  22  mm.  long,  whose 
cup-shaped  mouth  is  wide  enough  to  admit  the  head  of  a  humble- 
bee,  and  whose  narrow  tubular  part  curves  inwards  and  downwards 
at  its  upper  end.  In  this  curved  part  is  contained  the  honey, 
which  is  secreted  by  a  fleshy  thickening  in  the  extreme  point  of 
the  spur.  Owing  to  its  curvature  the  point  of  the  spur  is  only 
10  to  17  mm.  above  the  insertion  of  the  petal.  To  reach  the  honey 
in  a  legitimate  way,  the  bees  hang  on  to  the  flowers  below,  grasping 
the  base  of  the  spur  with  their  forelegs,  and  holding  on  with  their 
mid  and  hindlegs  to  the  column  formed  of  the  stamens  and 
carpels,  which  projects  perpendicularly  or  obliquely  downwards 
from  the  centre  of  the  flower ;  the  head,  meanwhile,  is  introduced 
into  the  aperture  of  the  spur,  whose  outer  wall  its  upper  surface 
touches,  and  the  end  of  the  proboscis  follows  the  curvature  of  the 
spur.  Since  bees  very  easily  bend  the  end  of  their  proboscis 
downwanls,  but  scarcely  bend  it  voluntarily  in  the  opposite  direction, 
the  position  just  described  is  the  only  one  suitable  for  them  to 
reach  the  honey.  This  position  entails  that  in  younger  flowers 
the  hinder  and  lower  surface  of  the  bee's  body  touch  the  anthers, 
which  closely  surround  the  carpels  and  which  are  covered  on  their 

'  See  aiRO  Kerner,  No.  3S6,  p.  101,  for  an  account  of  the  pits  in  A^.  saliva  and 
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outer  side  with  pollen ;  while  in  older  flowers  the  same  parts 
come  in  contact  with  the  carpels  which  have  elongated  and  spread 
their  stigmas  more  widely  apart.  Cross-fertilisation  is  the  inevitable 
result.  Thus  the  Columbine  is  admirably  adapted  for  fertilisation 
by  humble-bees:  but  to  reach  the  honey  they  must  have  a 
proboscis  at  least  10  to  17  mm.  long,  even  supposing  that  they 
stick  their  heads  fully  into  the  mouth  of  the  spur  and  so  shorten 
the  passage  by  about  5  mm.  This  fully  explains  the  actions  of  the 
insects  that  I  have  observed  on  this  flower.  Bomhus  hortorwm, 
L.  9  (with  a  proboscis  19  to  21  mm.  long),  is  the  only  insect 
that  I  have  found  very  abundant  on  it ;  B.  agrorum,  F.  ?  (with  a 
proboscis  12  to  15  mm.  long)  is  found  much  more  rarely,  sucking 
the  flowers  in  the  regular  way  and  accomplishing  cross- fertilisation. 
I  saw  B.  terr€stri8,L.  ?  (with  a  proboscis?  to  9  mm.  long),  fly  on  to 
the  upper  surface  of  a  flower,  and  lick  over  the  base  of  the  sepals, 
and  on  finding  nothing  there,  creep  to  the  lower  surface,  and  thrust  its 
head  into  the  spur.  Then  it  again  crawled  on  to  the  upper  surface, 
and  again  licked  fruitlessly  the  base  of  the  sepals;  and  finally, 
biting  a  hole  in  the  spur  at  the  curved  part,  it  introduced  its 
proboscis  and  plundered  the  honey.  Without  further  consideration 
it  proceeded  to  secure  the  honey  of  the  other  petals  and  of  other 
flowers  in  the  same  manner.  The  numeix)us  other  individuals  of 
B.  terresiris,  L.  9 ,  which  I  before  and  afterwards  observed  thus 
perforating  the  spur,  had  probably  first  learned  by  trial  how  the 
honey  might  be  won. 

I  have  often  seen  B.  tcrrcstris  bite  through  the  spurs  of  still 
unopened  flowers,  and  so  forestall  all  legitimate  visitors.  The 
hive-bee  also,  as  Sprengel  noticed,  bites  through  the  spur  at  the 
bend  and  steals  the  honey :  it  often  takes  advantage  of  the  holes 
made  by  B,  terrestt-is, 

I  have  seen  smaller  bees,  Halictus  Snuathmanelhis,  K.  9 ,  and 
H,  leucozonitis,  Schr.  ? ,  collecting  pollen  on  these  flowers,  which  they 
would  naturally  fertilise  by  doing  so. 

On  a  double  garden- variety  of  the  Columbine,  in  which  seve- 
ral spurs  are  placed  one  ^vithin  another,  I  noticed  a  hive-bee 
thrusting  its  head  in  the  regular  manner  into  the  inner  spur ;  and 
I  could  see,  through  the  transparent  flower,  the  tongue  stretched 
out  to  its  fullest  extent  without  reaching  the  honey. 

In  default  of  insect-visits,  self-fertilisation  must  easily  take 
place,  owing  to  the  position  of  the  parts  of  the  flower. 

Aquilegia  atrcUa,  Koch,  is  also  proterandrous,  and  visited  by 
humble-bees  (609,  p.  137). 


1+.  DEi.PffiNitTM  ELATirji,  L— This  common  garden  plaint  is 
marked  off  by  the  uuusual  function  of  tlie  two  wliorls  of  the 
perianth  from  moat  other  plants,  and  in  part  even  from  other 
species  of  larkspur;  while  it  agreus  with  the  latter  in  the  early 
development  of  the  stamens  and  lu  thi'  peculiar  movements  (if 
the  stamens  and  stigmas. 
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The  five  large,  blue,  expanded  sepals  make  the  flowers  visible 
from  far  off  to  humble-bees,  and  serve  the  purpose  of  a  corolla. 
The  hollow  spiir  of  the  uppermost  sepal  neither  secretes  nor 
ptintaina  Loney,  Its  peculiar  rough  and  crumpled  wall  serves 
rather  as  a  cover  for  the  organs  which  secrete  and  conceal  the 
lioney,  which  withuut  i(  would  be  exposed  to  the  rain;  and  also 
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it  forces  tlie  humble-bees  to  suck  the  honey  by  the 
leads  to  feitilisatiun. 

The  two  upper  petals  serve  a  very  different  purpose.  In  each  tlM| 
hollow  pointed  end  of  the  spur  (a^  3,  a),  which  ta  directed  hwck-t 
vmrde  and  is  inclosed  in  the  hollow  aepaline  spur,  secretea  hone^ 
and  becomes  so  full  of  it  that  part  rises  into  the  wide,  tuilf-conic^^ 
part  of  the  spur  which  is  open  on  the  inner  sitle  {a',  5).  WlieS 
both  petals  lie  close  to  one  another,  they  form  together  a  boUov 
cone,  which  gphts  at  the  en<1  into  two  points  tilled  with  honeyj 
and  guides  the  insect's  proboscis,  if  long  enough,  safely  to  ihi 
honey,  while  by  its  length  it  prohibits  the  access  of  insects  witfc 
shorter  tongiies.  The  anterior  portions  of  the  same  petaU 
produce  the  upper  part  of  tliis  hollow  cone  further  forwards,  and 
serve  to  give  the  bee's  proboscis  a  convenient  entrance  and  mon 
certain  path  to  the  honey.  Since  these  anterior  portions  of  tht 
upper  petals  separate  easily  on  slight  pressure  from  within,  tbfl 
whole  head  of  a  humble-lwe  may  be  thrust  in  between  them 
whereby  the  distance  to  the  honey  is  shortened  by  6  to  7  inm.  Tb( 
length  of  the  hollow  cone  from  its  entrance  to  the  anterior  end  fli 
the  honey-bearing  prolongation  is  about  20  mm.,  and  to  the  apex  d 
the  latter  26  to  28  mm. ;  so  that,  when  the  whole  bee's  head  t 
thrust  into  the  aperture,  a  proboscis  13  to  14  mm.  long  is  needa 
to  reach  the  honey,  and  one  19  to  22  mm.  long  to  suck  it  all  up 
Hence,  of  all  our  native  bees,  Ant-hophora  pilipes,  F.,  and  Sombti 
hwtorum,  L.,  can  alone  exhaust  the  honey. 

The  two  lower  petals  are  of  service  in  several  ways.  Thd 
anterior  surfaces  point  by  bundles  of  upright  yellow  hairs  towaid 
the  entrance  to  the  honey,  that  is  to  say,  they  serve  as  patb 
tinders;  and  as  they  stand  close  together  and  bound  this  entrano 
below,  they  leave  the  bee  no  choice  but  to  thrust  its  probowia  iam 
the  only  proper  place,  viz.,  the  interval  between  the  two  pairs  of! 
petals.  Those  parts  of  them  immediately  beliind  the  entrance  ti 
the  tube  stand,  on  the  other  hand,  so  widely  apart  (i*  2)  thatthi 
leave  free  space  for  the  stamens  and  for  the  carpels  (afler  1 
stamens  have  withered  and  bent  back)  to  erect  themselves  in  \ 
part  of  the  hollow  cone  lying  close  behind  the  entrance,  where  t 
inevitably  come  in  contact  with  the  under  surface  of  the  body  a 
head  of  the  bee. 

With  sufficient  insect  visits,  which  this  handsome  plant  never  fiul^ 
to  receive,  cross-fevtihsation  is  completely  insured  by  the  pro 
androus  dichogamy,  and  by  the  movements  of  stamens  and  carpc 
'  i.e.  Torming  the  1oD)(itii<liiiHl  hnlf  si 
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which  are  so  completely  in  relation  to  the  movements  of  the  bee's 
head.  The  stamens  in  the  unripe  condition  are  bent  down,  when 
they  dehisce  they  stand  upright  in  the  path  of  the  bee's  head, 
and  when  they  are  withered  they  sink  completely  down.  The 
carpels  erect  themselves  after  the  withering  of  the  last  of  the  stamens, 
and  their  stigmas  then  stand  in  the  way  of  the  bee's  head.  Self- 
fertilisation  cannot  take  place  in  absence  of  insects.  Of  the  two 
native  bees  whose  proboscides  are  of  sufficient  length  to  suck  the 
honey  of  this  flower  thoroughly,  Ardlwphora  pilipes  has  finished  its 
period  of  flight  and  has  disappeared  when  D.  elcUuni  flowers.  B. 
hortorum  therefore  remains  as  the  only  indigenous  bee  fitted  for 
sucking  up  the  honey  of  Uelphmimn,  and  it  is  in  fact  found  in 
great  abundance  on  the  flower.  Many  of  our  other  species  of  bees 
are  well  fitted  for  sucking  a  portion  of  the  honey,  but  I  have  never 
seen  any  of  them,  or  any  other  species  of  insect,  sucking  on  D,  elatum. 
At  Strassburg,  D.  elatnm  is  visited  also  hj  Antluyphora  personata, 
IlL  9  (S90, 1.). 

Delphinium  Staphysagria,  L.,  described  and  figured  by  Hilde- 
brand  (356,  p.  473)  agrees  in  most  points  of  its  floral  arrangement 
with  2>.  datum,  and  is  likewise  fertilised  by  humble-bees. 

15.  Delphinium  Consolida,  L.,  differs  in  the  arrangement  of  its 
flower  from  D.  elatum  chiefly  by  the  coalescence  of  the  four  petals 
into  a  single  piece,  which  leads  to  the  following  modifications.  The 
two  upper  petals  unite  by  means  of  their  backward  directed  processes 
into  a  single  spur,  the  pointed  end  of  which  secretes  and  contains 
the  honey  ;  their  expanded  portions,  which  are  turned  forward,  also 
coalesce  lengthwise  with  one  another,  and  therefore  cannot  be  thrust 
apart  on  the  entrance  of  the  bee's  head  ;  but  in  conjunction 
with  the  lower  petals  they  form  a  sheath  which  is  well  adapted  to 
receive  the  bee's  head,  and  is  only  open  below.  Here  in  the  first 
stage  of  flowering  it  presents  the  anthers,  and  in  the  second  the 
stigmas,  for  contact  wdth  the  under  surface  of  the  bee's  head.  The 
lower  petals,  which  thus  form  the  side  walls  of  the  sheath  or  tube, 
unite  with  the  upper  ones,  but  not  with  one  another,  and  yield 
laterally  when  the  bee's  head  is  thrust  in.  Path-finders  and 
a  lower  boundary  of  the  entrance  to  the  spur  are  wanting 
here. 

Since  the  cycle  of  development  and  movement  of  stamens  and 
anthers  agrees  with  that  in  D.  elutum,  cross-fertilisation  is  in  like 
manner  insured  on  the  occurrence  of  insect-visits ;  and  similarly, 
if  they  fail  to  occur,  self-fertilisation  is  impossible. 


,  L.  C»7  to  21).   B.  i 
IH  B.  fimfnat,   K.  Cl^-   and  B.  wmitit,  Sb.  (I*  tmg 
ifiiiii  rf  .^aaqpfer^t.  »ix, -J. <ertwfa  Fk.(15X'<Ln 
W  I7„  Md  X  Wi^-a,  F.  '19  to  SI),  an  •&  fitted  far  a 

t  all  mofit  do    so  vitb  ^eater  Iom  «£  T 
kanif  to  loRT   tke  bead  dei^  into  tke  i 
asMfi  X  T^^vak  wbeae  aeaaoa  ia  orer  when  Ai^ti 

Bomin  Marisnm  aeems  tine  to  be  tbe,aaljB 
vtiA  m  ««a  adafled  far  tbe  Aower;  but  the  Sigam  ol 
dJBi  ««e  ^ec>M  eonnK—alcj  the  jAant  for  tbe  tutoioB  of 
aO  otber  oiaedA  !  bare  ncticed  ;^jrru  aud  species  of  Me^trim 
•wkiog  at  tbe  Bowen,  and  "nVing  tbeir  tbia  I  '  "  ' 
dM  ifV,   bat   a{i(MU«ntIj   tbej  did   wn   taarb   tbe  i 


Dr.  O^  gives  ID  tbe  Popv/ar  Seiaut  Jtrrine  {6^1)  ad 
cf  a  vpeciea  oP  brkxpur  whicb  diffeis  Crom  tboee  here  described  ia 
tb«t  tbe  hooey  secreted  br  the  upper  petab  is  contained  is  tbe 
•pur  of  the  poat«rrior  sepal.  I  onfcMla&ately  cannot  detennnM 
which  specKS  of  Xklphinium  is  referred  to  as  "  the  bEae  birkspMri 
oftni  gardeoa." 

Ddpkiuium  Ajaeit,  L.,  described  bjr  Sprei^I.  agrees  in  ■ 
points  with  D.  Conaolida,  and  is  likewise  fertilised  1^  hniBhl 


Iti.  AL-»5tTUif  Napeu-Us,  L. — Thifi  pLaot  is  distributed  tl 
tmttbe  A}|ri,  e«peci&UT  ftbotit  the  Sennerei.  It  has  distinctly  p 
androgs  %'v.n,  which  are  ^"isited  by  fauinble-bees,  as  Sprengel  loo^ 
ago  observed.  The  two  posterior  sepals  cohere  to  form  a  helmet- 
fbtped  structure,  which  shelters  the  anthera  and  nectaries ;  the 
two  )at«rai  sepab  gire  foothuM  to  the  mid  and  hindlegs  of 
batnble-hees ;  all  four  play,  in  addition,  the  r<art  of  petals,  making 
the  flower  couspicuous  by  their  blue  colour.  Of  the  four  petals, 
the  two  anterior  help  to  clot%  in  the  essential  or^ns  laterallyj 
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the  two  posterior  are  traDsformed  into  long-stalked  nectaries,  only 
accessible  conveniently  to  humble-bees.  The  well-marked  pro- 
terandiy  insures  cross-fertilisation  if  humble-beea  visit  the  fiower, 
and,  as  a  rule,  prevents  self-fertilisation  in  absence  of  insects 
(609). 


17.  AcoNiTUM  LYtX>CTOMUM,  L. — The  structure  of  the  tlower 
is  for  the  moat  part  similar  to  that  of  A.  ^apelivs,  but  the 
helmet  and  the  nectaries  are  so  exceedingly  long  that  only  an  insect 
whose  proboscis  ia  very  exceptionally  long  can  reach  the  honey. 
In  point  of  fact,  in  the  plains  (in  a  wood  at  Thiile,  near  Paderbom) 
I  have  found  it  visited  exclusively  by  Smnhis  hortonim,  L.  ? 
(proboscis,  21  mm. ),  whose  proboscis  is  the  longest  among  lowland 


Willi  whitapoUen. 

B.— Tha  Mine  flower  in  alda  livw.    i 

C— Ditto,  in  longltudlinl  ««Um. 

D— Euentl'l  orgui  In  tbe  Unt  (mils)  itue.  a',  tnthcr 
a',  ditto,  beeouiing  «ect;  a',  ditio,  Erect,  dihiiced,  >iiil  ci 
and  bending  buckwirdi :  a-,  ditto,  empty,  ind  bent  qnile  Ind 

E.— Enentlil  orgBUn  in  IbF  KCond  llenwle)  ittee. 


humble-bees,  and  on  the  Alps  exclusively  by  B.  opulentus,  Gerst. 
(S2  mm.),  whose  proboscis  is  the  longest  among  Alpine  species. 
£.  opulent-US  has  not  as  yet  been  observed  upon  any  other  flower, 
either  by  Prof.  Gerstacker,  who  discovered  and  described  it,  or  by 
myself  (609). 
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^m  AoMttmm  aefUntrwmaU,  Ko;!!.,  has  likeiri^  proterandroas  flowers, 

■  6gared  I7  AmU  (17). 

H  J^xoma  Mantan,  Sims^  acxwrding  to  DelpiDO,  is  regnUriv  fertilised 

H  bf  Cetotui^  which  lick  tbe  fleafaj  didc  aFound  the  caipels.> 


REVIEW  OF  THE  BAKOHCDLACEX. 


While  the  Umbelliferx  form  a  numerous  &mily  where  a  certun 
mm  of  ad^ftsliaaB  insuring  cross-feitilisation  has  beeo  inherited 
from  uiceatr^  fonns  and  descends  through  all  branches  of  the 
fiunily,  in  Rtmuiuruiaeea;  on  the  other  hand,  we  have  a  fiunily 
who«e  separate  divisions  have  developed  for  themselves  quite 
disUnct  advantageous  modifications.  We  see  conspicuousnesa 
insured  in  Jtanunculus  by  the  petals ;  by  the  sepals  in  Erartthis, 
UelUhorm,  Anemont,  Caltha  ;  by  both  together  in  Aquilegia  and 
DflpAinium ;  by  the  stamens  in  Tkalidnim.  Honey  is  wanting 
in  CUniatu,  T/uilictrum,  and  Atiemotu :  it  is  secreted  by  the  sepals 
in  certun  Paoniet ;  by  the  petals  in  Banuncului,  £ranthis,  Hrlh- 
horu»,  tfigellit.  AquUeyia,  Delphinium,  Aconitum  ;  by  the  filaments  in 
Atragrnf  ;  by  the  anthers  in  PulsaUUa  ;  by  the  carpels  in  Caltha : 
it  is  Sometimes  easily  accessible,  at  other  times  more  or  less 
deeply  hidden.  Such  a  variety  of  different  adaptations  is  explained 
by  snppusing  many  different  ways  of  attaining  perfection  to  have 
been  available  for  the  plants  when  their  flowers  liad  not  yet  been 
modified  so  far  as  to  insure  cross-fertilisatiou. 

An  easily  accessible  situation  of  the  honey  in  simple,  regular 
llowers  carried  with  it  the  advantage  of  abundant  insect-viaits ;  but 
at  the  Biimo  time  the  objection  that  the  visitors  crept  about  the 
flowers  in  various  ways,  often  accomplishing  only  self-fertilisation, 
often  leaving  the  flower  still  unfertilised.  Honey  more  deeply 
placed  brought  the  disadvantage  that  a  great  multitude  of 
insects  were  shut  out ;  but  this  advantage,  that  the  bees  with  long 
probosctdes  had  to  move  in  a  particular  way  to  reach  the  honey, 
and  BO  stamens  and  pistils  could  in  a  simple  manner  be  arranged 
so  as  to  reuder  cross- fertilisation  inevitable.  We  find  self-fer- 
tilisation possible  in  all  regular  Ranunculaceous  flowers  with 
easily  accessible  honey;  but  prohibited  by  well-marked  proter- 
andry  in  all  those  with  deeply  situated  honey,  whether  regular,  as 

'  LilU  oi  viiitori  U>  the  following  ndditinnBl  Bpeeiea  are  gifen  in  my  Weittrt 
Seobcuhtutigfn,  pt.  i.:  CUmiUia  Vilalba,  I,.,  Thalklmm  minui.  L.,  Hepalica  triMo, 
tiW.,  Pultatiltaputgaru,  Hill,,  Jntuione  lilresln/',  L.,  A.  ivnunruloala,  h.,  Adanu 
iftrnati*,  L.,  J/yojoinw  minimtm,  I..,  Atlasn  apirnln,  I,. 
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Aquilegia,  or  irregular,  as  Delphinium  and  Aconitum ;  and  so  we 
may  conclude  that  in  the  Banunculacese  the  certainty  of  cross- 
fertilisation  has  been  more  effectually  attained  by  flowers  being 
specially  adapted  for  a  few  species  of  bees,  than  by  attracting  a 
great  multitude  of  different  guests.  We  must  however  beware 
of  taking  this  as  a  general  conclusion ;  for  in  Umbelliferae  the  still 
more  open  situation  of  the  honey,  aided  by  the  massing  together 
of  many  flowers,  insures  cross-fertilisation,  through  proterandrous 
dichogamy,  even  so  far  as  to  permit  loss  of  the  power  of  self- 
fertilisation. 

Only  those  Ranunculaceae  seem  to  me  to  be  adorned  with 
blue  colours  which  are  cross-fertilised  by  bees,  e,g,  Hepatica 
triloba,  which  is  fertilised  by  pollen -collecting  bees,  or  the 
species  of  Aquilegia,  Aconitum,  and  Delphinium,  which  seem 
adapted  for  humble-bees  by  the  whole  structure  of  their  flowers. 
The  easy  ti'ansition  in  Hepaticas  from  blue  to  pink,  and  even  to 
white,  may  be  most  easily  explained  as  a  case  of  reversion  {^pide 
also  609). 

Obd.  CALYCANTHACE^, 

ChimonarUhus  fragrans,  Lind.,  has,  according  to  Hildebrand,  pro- 
terogynous  flowers.  In  the  first  stage,  the  still  immature  stamens 
are  bent  away  from  the  stigmas,  which  receive  pollen  from  other 
flowers ;  in  the  second  stage,  the  ripe  stamens  arch  over  the  stig- 
mas and  prevent  access  to  them  (356,  p.  491).  Delpino  saw  the 
flowers  visited  by  an  Osmia  at  Florence  (177,  p.  59). 

Cdlycanthus  Jloridus,  L.,  according  to  Delpino,  is  markedly  pro- 
terogynous  with  short-lived  stigmas;  it  is  devoid  of  honey,  and 
is  probably  fertilised  by  Cetonicn  (177,  p.  58). 

Ord.  MAGNOLIACE.E. 

Illicinm  rcligiomm  has  in  the  middle  of  the  flower,  according 
to  Delpino,  little  papillae,  very  rich  in  honey  and  resembling 
stigmatic  papillae,  which  probably  serve  as  bait  for  a  Cetonia  (567). 

Magnolia  Yulan,  Desf.,  is  proterogynous.  According  to  Delpino, 
bees  fly  into  the  upright  flowers,  and  in  the  first  period  are  neither 
able  to  creep  up  the  smooth  petals,  nor  to  rise  in  flight  from  the 
short  pistil  which  stands  erect  in  the  centre  of  the  flower.  They 
remain  prisoners  until  in  the  second  period  the  petals  spread  out, 
and  the  bees  then  fly  away,  dusted  with  pollen,  to  another  flower 
(178,  360,  p.  593). 


THE  FERTILISATION  OF  FLOWERS.         [faw  hi. 

Magnolia  ^andijtora,  L. — Rose-beetles  {Ctionia  (tiimta  and 
aietiea)  resort  to  the  scarce  opened  flowers.  Tbey  Gsd  shelter 
beneath  the  three  inner  petals,  which  form  a  vault  over  Ihe  stigmas, 
'  waimth  which  is  so  considerable  that  it  is  sensible  to  tiie  touch. 
and  honey  lying  on  and  between  the  stigmas.  They  renmin  in  this 
pleasant  refuge,  until  the  sepals  or  petals  fall  off^  and  then,  laden 
with  pollen,  they  fly  away  to  other  flowers.  In  the  first  period  only 
stigmas,  and  in  the  second  only  anthers,  are  mature,  so  self-fer- 
tilisation is  impossible,  and  the  beetles,  flying  from  flower  to  flower, 
accomplish  cross-fertilisation  regtilarty  f  1 78,  360,  p.  594). 


Oan.  AyOXACSJS. 

Asimina  triloba,  Dunab.,  is  proterogynous  with  short-lived 
stigmas.  In  the  middle  of  the  bell-shaped,  pendulous  flower 
rises  a  hemispherical  mass  of  stamens,  from  the  midst  of  which 
some  stigmas  protrude.  The  three  inner  petals,  which  secrete 
honey  at  their  base,  lie  in  the  first  perioii  close  upon  the  stamens ; 
they  compel  the  flies  which  visit  the  flower  to  touch  the  already 
mature  stigmas  on  their  way  to  the  huney.  Cross-fertilisation  is 
effected  if  the  flies  come  bringing  pollen  from  an  older  flower. 
Delpinu  counted  seven  species  of  Diptera  visiting  the  plant 
(178,  p.  231  ;  360,  p.  672). 

Obd.  EERBERIDE^. 

18.  Berberis  vulgakis,  L. — Spreugel  describes  and  figures  the 
flowers  as  hanging  down  vertically.  This,  however,  is  seldom  the 
case  ;  most  are  horizontal  or  inclined  obli((uely  downwards.  They 
are  not  fully  protected  by  their  position  from  the  weather,  but  the 
three  inner  sepals  and  the  six  petals,  whicli  as  well  aa  the  sepals 
are  curled  inwards  at  their  points,  protect  the  stamens  together 
with  the  honey-glands  and  honey  from  rain.  The  three  inner 
sepals  make  the  flower  conspicuous  by  their  yellow  colour,  and 
the  petals  completely  embrace  the  stamens  so  long  as  the  latter 
are  undisturbed.  The  honey-glands  are  two  thick,  oval,  fleshy, 
orange  bodies,  lying  quite  close  together  on  the  inner  side  and 
near  the  base  of  each  petal.  The  filaments  are  so  much  expanded 
as  to  touch  each  other  at  the  base ;  before  being  irritated  they  are 
bent  so  far  back  that  each  is  in  contact  with  the  part  of  a  petal 
below  the  honey-glands,  and  also  with  the  adjacent  halves  of  the 
'wo  honey-glands.  There  is  thus  no  room  for  the  honey  to 
mulate    between    petals   and  stamena,  but   it  must  flow   into 
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the  angles  between  stamens  and  ovary,  which  are  always  found  to 
be  quite  full  of  honey.  Every  insect- visitor  must  tiirust  its 
proboscis  into  one  of  these  angles ;  and  in  doing  bo  it  causes  the 
two  stamens  which  the  base  of  its  proboscis  touches  to  spring 
inwards  towards  the  pistil,  and  to  dust  with  pollen  one  side  of  its 
head,  which  is  thus  shut  in  between  two  anthers  and  the  stigma. 

The  stigma  is  represented  by  the  papillose  and  viscid  edge  of  a 
disc  which  surmounts  the  ovary  and  occupies  the  middle  of  the 
flower ;  one  side  of  the  insect's  head,  opposite  to  that  touched  by 
the  stamen,  comes  in  contact  with  the  stigma.  The  insect  usually 
flies  away  at  once  after  the  tirst  drop  of  honey  on  being  struck  by 
the  stamen,  and  as  it  thrusts  its  bead  or  proboscis  into  the  flower 
in  many  different  ways  as   the  different  positions  of  the  flower 
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fequire,  now  under  now  over  tlie  stigma,  now  to  the  right,  now  to 
the  left,  its  head  must  soon  be  dusted  all  round  with  pollen,  and  it 
must  fertilise  every  succeeding  flower  that  it  visits.  It  can  only 
accomplish  self-fertilisation  if  in  the  same  flower  it  plunges  its 
proboscis  first  to  the  right  and  then  to  the  left,  or  first  over  and 
then  under  the  stigma.  In  the  case  of  the  hive-bee  I  have 
distinctly  observed  that  it  seldom  proceeds  in  this  manner.  It 
never  makes  a  circuit  of  the  flower,  for  it  flies  away  and  seeks 
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another  as  soon  as  it  is  struck  by  the  stamens  whose  bases  it  has 
touched,  and  it  rarely  thrusts  its  proboscis  a  second  time  into  the 
same  flower.  When  it  plants  its  forelegs  upon  the  flower,  it 
u.iually  causes  the  greater  number  of  the  stamens  to  close  in  upon 
the  pistil. 

I  have  often  seen  humble-bees,  on  the  other  hand,  thrust  their 
proboscides  again  and  again  into  tlie  same  flower. 

It  is  clear  from  the  above  that  Sprengel  is  in  error  when  he 
explains  tlie  Dower  of  the  barberry  as  adapted  for  self- fertilisation ; 
and  this  is  proved  most  unequivocally  by  a  closer  examination  of 
the  movement  of  the  anthers  upon  irritation. 

Before  the  flower  opens  the  anthers  stand  on  a  level  with  the 
stigma;  they  are  closely  applied  to  the  stigma  in  the  bud,  but  iu 
the  opening  flower  they  are  bent  as  far  backwards  as  the  sur- 
rounding petals  allow.  As  soon  as  the  j)etals  begin  to  diverge, 
the  anthers  dehisce,  the  lid  flying  up  and  remaining  attached  only 
to  the  extreme  end  of  the  connective,  which  is  here  at  its  broadest. 
The  anther-lid  carries  with  it  almost  all  the  pollen,  and  after  rising 
to  its  full  height  it  turns  that  side  which  bears  the  pollen  inwards 
towards  the  middle  of  the  flower.  If  the  stamens  are  now  touched 
at  their  bases'and  made  to  move  inwai-ds,  the  masses  of  pollen  do 
not  come  on  a  level  with  the  stigma,  but  stand  above  it ;  so  that> 
even  those  parts  of  the  masses  of  pollen  which  do  not  touch  tha 
insect,  excluding  some  little  scattered  particles,  do  not  come  ir». 
contact  with  the  stigma :  the  insect's  head  or  proboscis,  however, 
in  being  drawn  back  and  rubbed  against  the  masses  of  polleri- 
gets  dusted  with  pollen  just  in  those  parts  which  will  come  ia 
contact  with  the  stigma  in  other  flowers. 

If  insect-visits  altogether  fail,  then,  as  the  flowers  wither,  th© 
masses  of  pollen  come  of  themselves  into  contact  with  the  stigma 
through  the  bending  inwards  of  the  anthers.  I  have  observed  this 
in  specimens  kept  in  my  room,  but  I  cannot  say  what  results  follow 
self-fertilisation  at  such  a  late  period. 


L 


Visitors;  A.  Dipterft— (n)  &jrphl<la  !  (I)  Heli.rliiliis  florciw,  L.,  very  all. ; 
(3)  H,  pendnluB,  L.  ;  (3)  Erietalie  tenax,  L,,  ab.  ;  (4)  E.  arbnstonim,  L.  ;  (5) 
K  nemorum,  L.  [  (B)  Rhin((in  roHtnits,  L.,  nli.  ;  (fc)  Muteida- .-  (T)'On«ii 
floralis,  E.  D. ;  (8)  O.  Miiukralifs  M^n.  ;  (9)  O.  engnata,  Mpn.  ;  (10)  UnsM 
ilomestica,  L.  ;  (11)  M.  corvina,  F.  B.  Hjmennptera— (o)  Apida ;  (12) 
Apis  mellillfa,  L.  $,  ab.  ;  (13)  Bombua  terrcstrig,  L.  ?  ;  (14)  B.  pratonun, 
L.  S  ;  (15)  Aiidri'iiti  Trimnierana,  K.  ?;  (Ifi)  A.  helvnia,  L  J;  (IT)  A. 
fulvicniB,  K.  g,  ab.  ;  (18)  A.  fiilva,  Srliik.  9,  moderately  ali.  ;  (19)  A. 
albionns,  K.  5  ;  [20)  A.  Sniillii'lla,  K.   ?  ;  (^t)  Halifftiis  rubiciiniliis,  Cbr.  ? 
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{b)  Veapidce :  (22)  Vespa  holsatica,  F.  $  ;  (23)  V.  rufa,  L.  $ .  C.  Coleop- 
tera— (ci)  Demiestidce :  (24)  Attagenus  pellio,  L.  ;  {b)  Coccinellidce :  (25) 
Coccinella  14punctata,  L.  All  were  sucking  honey  ;  Bomb  us  pratorum  and 
Andrena  fulva  were  also  collecting  pollen.     See  also  590,  i.,  and  609. 

19.  Ndphar  luteum,  Smith. — The  sepals,  as  Sprengel  clearly 
showed,  have,  by  their  increased  size  and  the  yellow  colour  of  their 
upper  surface,  taken  on  the  function  of  a  corolla  :  the  under  side 
of  the  petals  secretes  honey.  Sprengel  found  only  small  beetles  of 
the  genus  Meligethes  in  the  flowers :  I  have  seen  besides  Meligcthes 
various  flies  and  other  small  beetles  creeping  about  the  flowers  and 
flying  from  one  to  another;  they  eflected  self-fertilisation  and 
cross-fertilisation  indififerently.     I  was  only  able  to  catch  Onesia 

yiaralis,  R.D.   {Muscidw),  and  Donacia    d^^ntata,    Hoppe    {Chryso- 
inelidcc) ;  both  were  richly  dusted  with  pollen. 

Nymphcca  alba,  L.,  and  Victoria  rcgia,  Lind.,  are,  in  Delpino's 
opinion,  fertilised  by  Cetoniw  and  Glaphyridm,     See  also  No.  775. 

Okd.  PAPAVERACEJi:. 

20.  Papaver  Bhceas,  L. — The  numerous  anthers  stand  close 
round  the  stigma,  and  dehisce  before  the  opening  of  the  flower. 
Xhey  cover  themselves  with  pollen,  part  of  which  reaches  the 
lower  part  of  the  stigmatic  lobes,  while  the  higher  central  parts 
of  the  stigmatic  lobes  protrude  free  from  pollen.  Its  flowers 
contain  no  honey,  and  are  therefore  visited  solely  by  pollen-seeking 
insects,  which  find  the  broad  stigmatic  surface  the  most  convenient 
place  on  which  to  alight.  They  necessarily  accomplish  cross- 
fertilisation  if  they  have  come  from  another  flower,  and  this 
cross-fertilisation  probably  prevails  in  its  action  over  the  self- 
fertilisation  which  has  already  taken  place. 

Visitors:  A  Hymenoptera— Jpi*<£« :  (1)  Halictus  sexnotatus,  K.  $,very 
al>. ;  (2)  H.  flavipes,  F.  ? ,  ab  ;  (3)  H.  longulus,  Smith,  $  ;  (4)  H.  cylindri- 
tiii-s,  K,  $  ;  (5)  H.  maculatus,  Sm.  ?  ;  (6)  Andrena  dorsata,  K.  ?,  ab.  ;  (7)  A. 
f  iilvicrus,  K.  9  ;  all  collecting  pollf^n,  and  dusted  thickly  with  it.  B.  Diptera 
— Syrphidce  :  (8)  Cheilosia,  f.p.  0.  Coleoptera — Nitidulida :  (9)  Meligethe**, 
very  ab.,  f.p.  D.  Orthoptera — (10)  Forficula  auricularia,  L.,  both  larvaj  and 
P^irfect  insects  hiding  in  the  base  of  the  flower.     See  also  No.  590,  i. 

Whether,  in  default  of  insect-visits,  the  self-fertilisation  which 
i^^evitably  takes  place  leads  to  development  has  still  to  be  decided 
%  experiment.     Probably  it  does  so,  as  Hildebrand  has  found  that 
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Argenurne  ochroleuca,  Gliiicium  lutcuin,  and  Fa/taper  itrgtmonoidti 
all  bear  seed  when  fertilised  with  their  own  pollen  (358). 

Papaver  Ari/emoin;  L. — The  flower  has  exactly  the  same 
structure  as  P.  Jihasas,  the  only  dilierence  being  that  a,  smaller 
part  of  the  stigmatic  lobes  is  exposed  to  self -for  tilisatioiu 

In  Papaver  diUdum,  L.,  the  stigma  stands  some  millimeterB 
above  the  level  of  the  anthers,  so  that  self-fertilisation  can  only 
take  place  in  a  down'tiirued  position  of  the  llower.  Perhaps  the 
fact  that  this  species  is  much  rarer  than  the  others  (in  Westphalia, 
at  least)  is  due  to  the  impossibility  of  self-fertilisation. 

Papaver  (iljiinurn,  L.,  is  homogamous,  and  (when  cultivated) 
is  sterile  to  its  own  pollen.  The  flowers  are  devoid  of  honey,  and 
are  visit«d  by  pollen-feeding  Diptera  (609). 

Paptver  hphridum,  L.,  has  clcistogamic  Sowers,  at  least  when 
under  cnltiration  (369), 

21.  ChelidonIUM  MAJt'S,  L.— lu  suuuy  weather  the  anthers 
dehisce  laterally  as  the  flower  opens,  and  the  stigma  is  developed 
at  the  same  time.  Since  the  stigma  somewhat  overtops  tlie  anthers, 
insects  aUghting  in  the  middle  of  the  flower  touch  the  stigma  first 
and  accomplish  cross-fertilisation,  while  those  which  alight  on  a 
petal  and  crawl  inwards  may  accomplish  either  cross-  or  self- 
fertilisation.  In  dull  weather  the  flowers  remain  closed  longer, 
and  the  stamens  dehisce  within  the  as  yet  unopened  flower,  causing 
sel  f-f e  rtili  sation. 

The  flowers  contjun  no  honey,  and  are  visited  and  fertilised  only 
by  pull  en -see  king  insects. 

Viaitor»  :  A.  H_¥menoi«era— -•l/irr/cc  :  (1)  Bmnbus  proloruni,  L.  ?;  (2)  B. 
ttgromm,  F.  ij  ;  (3)'  B.  Rajellua,  III.  ?  —(all  ihree  alighted  on  llie  centre  of 
tLe  flower  and  swept  pollen  in  great  liaste  with  the  tarsal  brushes  of  the  fore 
and  raidtcgs  out  of  the  anlhers  into  the  baskets  on  llieir  hindlegg,  and  hardly 
spent  two  to  three  secunda  on  the  flower  before  [HiKiiug  to  another  ;  they  effect 
crosB-ferti ligation  regularly)  ;  (4)  Halictua  cylindricus,  F.  ?  ;  (5)  H.  lonulun, 
Sia.  ?!  (6)  H.  BexnoUtus,  K.  J;  (7)  H.  seSBlrigaluts  Schenok,  9— (these 
»niall  beea  alight  on  the  anthers  and  upend  a  much  longer  time  on  each  flower, 
paasing  round  upon  the  onthera.  They  only  eome  in  contact  with  the  atigmHK 
accidentally,  and  may  elfeet  self-fertiliMition  and  cross- fertilisation  indifferently). 
B.  Diptera— (n)  Sgrphidat .-  (8)  Syrphna  balUmlUB,  Deg.  ;  (9)  S.  ribesii,  L.  i 
(10)  Syritla  pipiens,  L.  ;  (11)  Aacia  podagrica,  F.  ;  (12)  Kliingia  roetrata, 
'  L.,  all  feeding  on  the  pollen,  and  moving  round  the  flower  in  the  same  way  aa 
the  species  of  Halictus  ;  (b)  Empida  :  (13)  Empia  Itvida,  L.    See  also  No.  $90, 1. 

EachschoUzia  Califoniica,  Chmss.,  furnishes  an  illustration  of 
varying  capacity  for  splf-fe  rtili  sation.    My  brother  Fritz  Midler  found 
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this  species  unfruitful  in  South  Brazil,  and  Darwin  found  it  ftaiitful 
in  England,  when  fertilised  with  its  own  pollen.  Plants  which  Fritz 
Miiller  raised  in  South  Brazil  from  seed  sent  from  England  by 
Darwin  yielded  some  seeds  when  fertilised  with  their  own  pollen, 
but  far  fewer  than  in  England.  Hildebrand  found  this  species  not 
absolutely  barren,  but  very  nearly  so,  when  fertilised  with  its  own 
pollen  (358). 

Obd.  FUMARIACEjE. 

Hypecoum  procumbens,  L.— In  the  bud,  the  two  inner  petals 
receive  all  the  pollen  in  two  pockets  developed  upon  their  inner 
surface,  and  these  pockets  close  up  before  the  development  of  the 
stigma.  On  pressure  from  above,  their  edges  separate  and  dust  the 
object  pressing  them  with  pollen.  The  stigmatic  papillae  do  not 
attain  their  full  development  until  some  time  after  the  opening 
of  the  flower,  and  after  the  pistil  has  grown  up  above  the  level 
of  the  pollen-sacs,  so  that  in  each  flower  insects  come  in  contact 
first  with  the  stigma  and  then  with  the  pollen.  Cross-fei*tilisation 
is  insured  (in  case  of  insect-visits)  first  by  proterandry,  and  secondly 
by  the  projecting  situation  of  the  stigma  (358). 

Hypecoxcm  grandijlorum, — Hildebrand  found  that  the  flowers 
of  this  species  were  very  nearly  though  not  absolutely  barren 
when  fertilised  with  their  own  pollen  or  with  pollen  from  another 
flower  of  the  same  plant  (358). 

22.  DiCLYTRA  SPECTABILIS,  D.C. — The  heart-shaped  pendulous 
flowers  contain  honey  in  the  two  pouches  at  the  base  of  the  outer 
semi-cordate  petals.  Each  of  these  two  petals  incloses  three 
stamens  which  follow  the  contour  of  its  wall  and  then  together 
form  a  channel  leading  from  the  middle  of  the  flower  to  the  honey. 
The  exserted  ends  of  the  six  stamens  project  straight  downwards, 
lying  close  together  around  the  pistil,  and  being  themselves  sur- 
rounded by  the  hood-like  ends  of  the  two  inner  petals,  which 
cohere  at  the  points. 

Between  the  hood-shaped  end  of  the  inner  petal  and  the  curled 
end  of  the  outer  one,  there  remains  on  the  right  and  left  a  canal 
leading  to  the  honey.  If  a  bee  hanging  from  the  flower  thrusts  its 
proboscis  into  one  of  the  two  canals,  the  lower  surface  of  its 
abdomen  presses  both  the  hood  and  the  flexible  stamens  towards 
the  opposite  side ;  and  the  stigma,  which  is  at  the  end  of  a  stiff 
style  and  therefore  escapes  being  pushed  aside,  is  rubbed  by  the 
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hairs  on  the  lower  surface  of  the  hee's  body.  When  the  bee  fliea 
away  the  hood  returns  to  its  fonner  position  and  again  incloses  the 
stamens  and  pistil.  At  each  visit  this  action  is  performed  twice, 
once  on  the  right  and  once  on  the  left,  since  there  are  two  honey- 
sacs  and  two  canals  leading  to  them.  Thus  in  young  flowers  the 
pollen  adhering  to  the  stigma  is  brushud  off  on  to  the  hairy  body 
of  the  bee,  and  in  older  flowers,  which  have  been  already  robbed 
of  their  own  pollen,  pollen  from  other  flowers  is  brought  and 
apphed  to  the  .stigma.  Hildebrand  saw  humble-bees  acting  in  the 
mauner  described.  Since  the  proboscides  of  our  humble-bees  vary 
from  7  to  21  mm.,  and  the  canals  leading  to  tlie  hooey  in  DtclyU-a 
are  18  to  20  mm.  long,  the  notion  of  the  different  visitors  deserves 
closer  examination. 

I  have  only  seen  £om&MBAor(orwm,L.  9  (20  to21),and-4nMo;iAora 
jrUipes,  F.  J  (19  to  20),  both  in  fair  abundance,  sucking  this  flower  in 
the  normal  way :  they  sucked  each  flower  twice,  once  on  each  side. 
Bovibus  terrtslris,  L.  2 ,  whose  proboscis  is  only  7  to  9  mm.  long, 
climbs  on  to  the  upper  part  of  the  flower  and  bites  a  hole  into 
one  of  the  honey-sacs;  it  tries  to  introduce  its  proboscis  through 
the  hole  it  has  made,  and  if  it  does  not  at  once  succeed,  it  bites 
several  times,  and  at  last  succeeds  in  stealing  the  honey  out  of 
both  the  pouches.'  I  have  seen  Bvvibu-t  jyraloriim,  I*  ?  (11  to  12), 
and  B.  Rajdlvs,  111.  (12  to  13),  act  in  the  same  way.  Osmia  rnfit, 
L.  ?  (9),  MegachUe  centuncvlaris,  L.  tj  (C  to  7),  and  Apis  Ttidlificf, 
L.  (f  (6),  often  make  use  of  the  holes  which  humble-bees  have 
bitten,  and  which  few  flowers  are  free  from. 

The  action  of  the  hive-bee  on  flowers  of  Diclytra  convinced 
me  of  the  advantage  that  flowers  derive  from  having  convenient 
landing-places  for  insects.  If  the  bee  tried  to  steal  honey  by  means 
of  holes  made  by  Bomhus  terrestris,  it  found  no  such  resting-place, 
but  catching  hold  of  the  edge  with  some  of  its  legs,  it  groped  about 
with  the  others  on  the  smooth  surface,  and  so  stood  insecure  and 
wasted  much  time. 

Diclytra  aeimia,  D.C. — Tlie  flower  has  been  thoroughly  described 
and  figured  by  Hildebrand  (358).  It  resembles  D.  spectabitis,  but 
the  space  for  the  lateral  bending  of  the  hood  ia  smaller  and  the 
passive  to  the  honey  shorter. 

In  Didyt.ra  cucullaria,  D.C,  the  outer  petals  are  provided  with 
long  spurs  and  the  honey  is  secreted  by  two  long  processes  of  the 
middle  stamens  lodged  in  these  spurs  (358). 


a  wa^  bj  the 
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23.  CoBYDALis  CAVA,  Schweigg.  and  Kort.  The  flower  is 
figured  and  described  by  Hildebrand  (351,  358). 

In  contrast  to  the  pendulous  flowers  of  Diclyira  and  Adlumia, 
which  are  symmetrical  about  two  planes  perpendicular  to  one 
another,  and  permit  a  double  motion  of  the  hood,  to  right  and  left, 
we  have  in  Gorydalis  cava  horizontal  flowers  symmetrical  about 
one  perpendicular  plane,  and  whose  hood  can  only  be  thrust  by 
insects  in  one  direction,  viz.  downwards.  The  two  outer  petals, 
which  are  here  superior  and  inferior,  have  ceased  to  be  symmetrical, 
the  upper  one  being  produced  into  a  long  spur,  curved  downwards 
at  the  end,  and  reaching  some  12  mm.  backwards  over  the  flower- 
stalk.  In  this  spur  is  lodged  a  common  prolongation  of  the  upper 
stamens,  which  secretes  honey  and  extends  as  far  as  the  curved  part 
of  the  spur. 

The  two  inner  pet^ils  stand  at  the  sides,  and  are  fused  with  the 
upper  petal  at  their  bases ;  they  are  symmetrical,  and  unite  at  the 
apex  to  form  a  hood.  A  bee,  to  reach  the  honey  stored  at  the  end 
of  the  spilr,  must  stand  on  the  lower  petal  or  on  the  hood,  and 
thrust  its  proboscis  between  the  hood  and  the  upper  petal ;  in 
doing  this,  it  presses  down  the  hood,  and  rubs  the  under  surface 
of  its  head  on  the  stigma,  which,  being  placed  on  a  stiff  pistil,  does 
not  bend  downwards,  and  has  been  covered  with  pollen  before  the 
opening  of  the  flower.  The  hood,  on  withdrawal  of  the  pressure, 
springs  back  into  its  former  place,  and  covers  the  pistil  and  stamens 
as  before. 

So,  in  young  flowers,  bees  dust  the  lower  part  of  their  heads 
with  pollen ;  in  older  ones  they  supply  the  stigma  with  pollen  from 
previously  visited  flowers.  As  the  bees  habitually  go  from  below 
upwards  on  each  plant,  they  bring  pollen  to  the  lower  and  older 
flowers  of  one  plant  from  the  upper  and  younger  flowers  of 
another,  and  thus  regularly  induce  crossing  of  separate  stocks. 
This  is  very  noteworthy,  since  Hildebrand  has  shown  by  many 
experiments  that  the  flowers  of  C.  cava  are  absolutely  barren  to 
their  own  pollen,  very  slightly  fertile  to  pollen  from  another  flower 
of  the  same  plant,  and  pnly  thoroughly  fertile  when  impregnated 
with  pollen  from  a  different  plant. 

Since  the  spur  of  C.  cava  is  12  mm.  long,  and  is  at  the  very 
most  filled  with  honey  to  the  extent  of  4  or  5  mm.,  it  is  quite 
impossible  for  the  hive-bee  with  its  proboscis  of  6  mm.  to  reach 
the  honey  in  the  legitimate  way.  Bombus  terrestris,  L.  9 ,  might 
succeed  better  with  its  proboscis  of  7  to  9  mm.,  occasionally  even 
10  mm. ;  but  even  this  species  soon  gives  up  thrusting  its  proboscis 
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must  touch  simultaneously  tlie  stigma  and  tlie  pollen-covered  faces 
of  tli^ee  antliere,  one  short  and  two  long.  If,  in  continued  bad 
weafher,  the  ilowers  do  not  open  fully,  self-fertilisation  is  effected 
by  the  longer  anthers,  as  in  A.  silirsirc  (590,  1.,  609). 

-•"  28.  AiiMORACiA  AMPiiiuiA,  Koch.  (\asturtiwm  amphibinvi,  R. 
Br.), — The  atructury  of  the  flower  resembles  that  of  A'asturlium 
ailveslre. 

Viflitow:  A.  Kymeaaptem—Taitfiratiiiitlir:  (1)  Tenthrmio  notba,  Kl.,  very 
ftbimdnat,  posaing  from  (lower  to  flowur  and  dipping  its  proboscis  down  to 
BQck, — bend  and  thorai  rii;h!j-  du&tod  wilb  pollen.  B.  Diplera— (o)  Empvlit : 
(2)  Empia  livida,  L.,  h.  ;  (6)  Syrphidie  :  (3)  Rliingia  rostrata,  L„  s.  ;  (4)  Syriltii 
pipiena,  L.,  e.  ;  (5)  EristaliH  arbuatonmi,  L.,  ». 

Arahis  aipina,  L.,  is  homogamoua  (609). 

Arabia  hellidifoUa,  J  acq.,  is  proterogynous,  with  long-lived 
fltigmas  (609). 

29.  Arahis  hiRSUTA,  R.  Br. — The  arrangement  of  the  flowers 
differs  from  tliat  of  Nasturtium  silvestre  in  tliat  only  two  glands 
lying  internal  to  the  base  of  the  shorter  fltamens  secrete  honey,  and 
that  in  most  flowers  the  longer  stamens  arch  over  the  stigma,  and 
shed  their  pollen  on  it,  if  it  is  not  removed  by  insect  visitors, 
Flowers  also  occur  in  which  the  anthers  of  the  longer  stamens  stfuid 
on  the  same  level  as  the  stigma,  and  shed  their  pollen  in  immediate 
contact  with  it. 

Visitors  r  A.  Hjinenoptera — (a)  Sphegidm  :  (1)  Aniioopbiin  siihTilosa,  L.,  s.  [ 
(b)  Apula;  (2)  Apia  mellifica,  L.  9,r.;  (3)  Hulictua  sexnotatUB,  K.  2,c.p-; 
(4)  Andrena  albicrus,  K.  ij,s.  B.  Lepidoptera — Bomhijceg :  (5)  Euprepin 
JucobaMB,  L.,  B.     C.  Diptem — Syrphida  :  Sjritta  pipiena,  L.,  a. 

3D.  Cakdamine  PlUTEiNSIS.  L. — This  species  differs  greatly  from 
the  preceding  forms  in  the  situation  of  its  honey,  in  the  jjosition  of 
its  anthers,  in  the  conspicuousiiess  of  its  flowers,  and  hence  also  in 
the  number  of  its  visitors.  Two  large  honey-glands  surround  the 
bases  of  the  two  shorter  stamens  as  green  fleshy  cushions  which  are 
most  marked  at  the  outside  and  secrete  their  honey  at  that  point : 
two  smaller  honey-glands  occupy  the  position  of  the  two  aborted 
smaller  stamens,'  i.e.  they  are  placed  antero-posteriorly,  between  tho 

'  Eiobler's  view  of  tho  floml  aymraatry  nnd  number  of  the  parts  in  Craoiferse  is 
difforeiit  from  thut  advanced  here  by  the  siUhnr,  anrl  is  now  more  ganenilly  idopted. 
He  regards  the  iiuiiibi?^-  two  as  the  bosia  of  the  floral  whorls,  and  looks  upon  the  four 
pelaU  and  tho  four  inner  stamens  as  doe  to  tlie  clioriaia  respectirely  of  two  antero- 
posterior Tietala  and  stamens.  Oa  this  view  the  whorls  altrrnate  regularly  with  each. 
ntK.,.  .n.)  the  Bower  is  symmetrical.     (Eichlor,  StaAhevdiagrafaiM,  yol.  li.) 
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pairs  of  long  stamens.  The  honey  secreted  by  these  four  glands 
accumulates  in  the  pouched  bases  of  the  sepals.  Since  the  calyx  in 
tiiis  case  serves  to  hold  the  honey  it  is  more  persistent  tlian  in  most 
other  Crucifers,  and  the  sepals  are  unusually  large,  in  relation  to  the 
great  size  of  the  honey -glands ;  those  which  receive  the  honey  from 
the  larger  glands  are  broader  and  more  swollen  at  the  base  than 
the  two  others,  so  that  one  may  tell  by  looking  at  the  calyx  from 
below  where  in  the  flowers  the  shorter  stamens  are  placed.  On 
tearing  off  the  sepals,  a  honey-gland  is  seen  between  the  claws  of 
each  pair  of  adjacent  petals. 

In  the  young  bud  all  the  six  anthers  are  turned  towards  the 
pistil,  which  projects  above  them.     Before  the  flower  opens,  the 


four  inner  stamens  elongate  and  overtop  the  stigma,  and  make  a 
quarter  of  a  revolution  outwards,  ea^h  one  towards  the  small 
stamen  nearest  to  it :  so  that  now  an  insect,  in  trying  to  reach  the 
honey  of  one  of  the  larger  glands,  must  rub  its  head  or  proboscis 
against  the  pollen-hearing  surface  of  one  of  the  taller  anthers. 

In  cold,  rainy  weather  flowers  are  often  found  in  which  the 
revolution  is  incomplete,  or  does  not  take  place  at  all,  and  in  such 
cases  the  pollen  of  the  longer  stamens  falls  of  itself  upon  the 
stigma.  The  shorter  stamens  always  remain  with  the  side  at  which 
they  dehisce  turned  inwards  towards  the  stigma,  so  that  the  pollen 
is  rubbed  off  by  the  head   or  proboscis   of  any   insect  which   is 
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making  for  the  smaller  honey-glands.  With  reference  to  the 
likelihood  of  cross-fertilisation  the  same  remarks  hold  good  as  in 
the  case  of  Nasturtiura  silvestre.  In  many  flowers  the  shorter 
anthers  stand  lower  than  the  stigma,  in  others  on  a  level  with  it 
or  even  higher.  In  the  two  last  cases  they  may  aid  in  self- 
fertilisation. 

Cardamine  prcUensis  surpasses  all  the  other  Crucifers  which  grow 
wild  near  Lippstadt  in  the  conspicuousness  of  its  flowers  and  the 
abundance  of  its  honey,  and  consequently  in  the  number  of  its 
iioLsect  visitors. 

A.  Hymenoptera — Ap'uiee :  (1)  Halictus  cylindricus,  F.  ? .  c.p.  ;  (2)  An- 
drena  dorsata,  K.  ?, fl.;  (3)  A/parvula,  K.  ?  ^,  c.p.  and  s.  ;  (4)  A  Gwynana, 
K.  9 ,  c.p.,  (once  it  flew  Atmight  from  the  Cardamine  to  a  short-styled  flower 
of  Primula  elatior  and  gathered  pollen  there  also)  ;  (5)  Nomada  lateralis, 
Pz.  ? ,  s. ;  (6)  N.  lineola,  Pz.  (J ,  s. ;  (7)  Osmia  rufa,  L.  ^J ,  s. ;  (8)  Bombus  tenestris, 
L.  9, 8.;  (9)  Apis  melliflca,  L.  9 >  very  ab.,  c.p.  and  s.  B.  Diptera — (a)  Bom- 
hyl'idw :  (10)  Bombylius  major,  L.,  once,  hovering  over  the  flower  and  sack- 
ing,— it  pjissed  straight  from  the  Cardamine  to  Primula  elatior;  (11)  B. 
discolor,  Mgn.,  s.  ;  {b)  Empida :  (12)  Empis  opaca,  F.,  s.  ;  (c)  Syrphidee  :  (13) 
Rhingia  rostrata,  L.,  f  p.  ;  (14)  Helophilua  pendulus,  L.,  s.  ;  {d)  Mu$cidcB  :  (15) 
Anthomyia  sp.,  f.p.  C.  Lepidoptera — (16)  Rhotlocera  rhamni,  L.  ;  (17)  Pieris 
brassicae,  L.  ;  (18)  P.  napi,  L.  ;  (19)  Anthocharis  cardamines,  L.  D.  Coleop- 
tera — (a)  Nit\duUd<z:  (20)  Meligethes,  ab.,  l.h.  ;  (Jb)  Staphylinidai :  (21) 
Omalium  florale,  Pk.,  very  ab.  E.  Thysanoptera — (22)  Thrips,  s.  and  f.p. 
See  also  590,  I. 

Cardamine  cJienopodifolia,  Pers.,  has  cleistogamic  flowers  whicli 
burrow  into  the  earth  (296). 

Cardamine    im2)atie7is,    L.,    is    visited   by    Aiidrena   alhicatis, 

K.  ?  (590, 1.). 

Barharea  vulgaris,  R.  Br. — Each  of  the  two  shorter  stamens  has 
on  either  side  of  its  base  a  small,  green,  fleshy  honey-gland ;  a  some- 
what larger  honey-gland  is  placed  between  each  pair  of  longer 
stamens,  externally  to  their  bases,  in  the  position  of  the  two  short 
stamens  that  have  disappeared.  On  each  of  the  six  glands  a  colour- 
less drop  of  fluid  may  be  seen  in  fine  weather.  The  anthers  are 
placed  as  if  the  glands  between  the  longer  stamens  were  absent. 
The  taller  stamens,  which  overtop  the  stigma,  make  a  quai-ter  of  a 
revolution  towards  the  neighbouring  short  stamens ;  this  movement 
begins  with  the  dehiscence  of  the  anthers  immediately  after  the  flower 
expands,  and  is  just  finished  when  the  anther  is  completely  covered 
on  one  side  with  pollen.  The  two  shorter  anthers,  which  are  on  a 
level  with  the  stigma,  remain  turned  towards  it  even  after  dehis- 
cence, so   that  the   position   of  the    anthers   is   the   same   as   in 
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XaMuHium  officinale,  though  the  number  of  glands  is  as  in  iV^. 
silvestre  (SQO,  i.). 

31.  Draba  verna,  L. — Four  small,  green,  fleshy  honey-glands 
occur  in  each  flower,  each  being  situated  between  the  bases  of  a 
short  stamen  and  the  long  one  next  it ;  so  that  the  base  of  each 
short  stamen  stands  between  two  honey-glands.  Anthers  and 
stigma  ripen  together.  The  longer  stamens  reach  to  a  level  with 
the  stigma,  and  stand  close  around  it :  they  dehisce  on  those  sides 
which  are  turned  towards  the  stigma,  and  always  dust  it  with 
pollen ;  the  shorter  stamens  also  turn  their  pollen-covered  surfaces 
towards  the  stigma,  but  stand  below  it.  Honey-seeking  insects 
must  thrust  their  proboscides  between  the  stigma  and  one  of  the 
shorter  stamens  into  the  base  of  the  flower,  and  so  dust  themselves 
with  pollen,  especially  from  the  shorter  stamens,  and  carry  it 
elsewhere.  Cross-fertilisation  is  chiefly  effected  with  pollen  from 
the  shorter  stamens,  while  the  four  longer  ones  regularly  effect  self- 
fertilisation.  Hildebrand  has  found  by  experiment  that  the  latter 
is  productive.  We  may  understand  the  extensive  use  that  this 
plant  makes  of  self-fertilisation  if  we  consider  how  small  and 
inconspicuous  the  flowers  are,  how  small  a  supply  of  pollen  or 
honey  they  can  yield,  and  how  few  insects  they  are  for  these  reasons 
visited  by.  I  have  only  observed  three  species  of  bees  on  Draba 
cema,  viz  : — 

(1)  Apis  mellifica,  L.  5,  c.p.  (April  10,  1868) ;  (2)  Audrena  parvula,  K. 
? ,  8.  (March  28,  1869) ;  (3)   Halictus  sp.  ? ,  8.  (March  28,  1869). 

Draha  aizoides,  L.,  is  proterogynous  with  persistent  stigmas  (609). 
Draba  Wahlenhergii,  Hartm.,  is  homogamous  (609). 

32.  CocHLEARiA  OFFICINALIS,  L. — Near  Niederalma,  I  saw  the 
following  insects  on  flowers  of  this  plant  (July  12,  1869) : — 

A.  Diptera — Syrphid<E :  (1)  Eristalia  tenax,  L.  ;  (2)  Helophilus  floreiis, 
L.  ;  (3)  Melanostonia  mellina,  L.,  ab.,  all  three  both  s.  and  c.p.  B.  Coleoptem 
— (4)  Cetonia  aurata,  L.,  gnawing  the  parts  of  the  flower. 

Kernera  saxatUis,  Rich.,  is  homogamous.  The  four  longer 
stamens  bend  laterally  almost  to  a  right  angle,  so  that  their  anthers 
come  to  lie  quite  close  to  those  of  the  shorter  stamens  (609). 

Thkispi  arvensCy  L.,  is  homogamous.  The  shorter  stamens  are 
concerned  in  cross-fertilisation  ;  the  longer,  in  case  of  need,  effbct 
self-fertilisation  (590,  II.}. 
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Pringlai  anliacorlmtica.  Hook.,  grows  on  the  tempestuous  shores 
of  Kerguelen's  Island,  where  winged  insects  cannot  exist,  because  at 
everj  flight  they  run  the  risk  of  being  drowned.  Under  these 
cireum stances  the  plant  has  become  modified  for  fertilisation  by 
the  wind,  acquiring  exsertod  anthers  and  long  filiform  atigmatic 
papilIo3.  It  still  retains  traces  of  its  descent  from  Gntoraophilous 
ancestors ;  for  while  on  the  great  part  of  the  island  it  is  devoid  ot 
petals,  it  occurs  abundantly  in  sheltored  places  with  petals.  On 
the  same  raceme  some  flowers  may  possess  only  a  single  petal, 
others  two,  three,  or  four ;  and  the  petals,  though  usually  of  a 
pale  greenish  colour,  are  occasionally  adorned  with  purple  (2t6, 
37* 


'alottwoprUI.  (.<  7),    I 


r33.  TEE.SUALIA  NUDiCAULig,  R  Br.— The  structure  of  this 
flower,  whose  longest  petals  are  only  two  mm.  long,  differs 
remarkably  from  our  other  native  Crucifcrs. 
During  the  period  of  flowering,  the  flowers  are  aggregated  into 
a  fiat  surface,  whose  outermost  petals  are  larger  than  the  others,  as 
inthecaseof  Umbellifers.  But  in  TtMrfu/wi,  as  flowering  progresses, 
the  axis  lengthens  and  draws  out  the  flat  surface  into  a  raceme, 
so  that  each  flower  comes  to  stand  at  the  etlge  in  its  turn.  So 
it  is  not  only  certain  flowers  that  stand  from  the  beginning  at 
the  edge,  which  have  the  corolla  specially  developed  on  the  outer 
side  (as  in  many  Umbdli/erir  and  Composltm),  and  thus  become 
symmetrical  about  a  single  axis  (zygomorpliic) ;  but  all  the  flowers 
have  their  outer  petals  specially  developed,  and  thus  acquire  a 
zygom Orphic  symmetry. 

Each  flower  has  a  superior  (s),  an  inferior  (s),  and  two  lateral 
sepals  (s*),  which  help  to  render  the  flower  conspicuous  by  white 
tips  and   a   white   median   ridge ;  but  conspicuousness  is  chiefly 
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attaiaed  tlirough  the  white  colour  of  the  petals,  of  which  the 
flower  has  two  superolateral  ones  (p),  and  two  anterolateral  (^p"), 
twice  or  three  ttmeH  as  long  as  the  former.  In  addition,  there 
are  petal-like  appendages  (y,  4,  x,  2,  3)  to  the  two  lateral  and 
shorter  stamens  (a),  and  others,  still  larger,  to  the  four  longer 
ones  (a,  a^).  The  petal-like  append^es  of  these  four  inner 
stamens  closely  surround  the  ovary,  which  is  flattened  antero- 
poflteiiorly,  sharp-edged  on  each  side,  bent  slightly  fom'ards,  and 
divided  symmetrically  by  a  partition  wall. 

The  centre  of  the  base  of  each  petal  has  a  small  pouch,  and 
iust  above  this  each  staminal  protuberance  is  provided  with  a 
similar  structure ;  between  the  two  lies  a  little  drop  of  honey,  and 
concealed  beneath  this  is  a  small,  greenish,  fleshy  honey-gland. 
Both  the  petals  and  the  longer  stamens  can  be  torn  away  without 
injuring  or  removing  the  glands ;  which  seem  therefore  to  belong 
to  the  base  of  the  flower  (receptacle). 


Before  the  flower  opens,  the  six  anthers  are  all  turned  towards 
the  stigma,  the  four  longer  ones  overtopping  it  slightly,  the  others 
standing  on  a  level  with  it.  After  the  flower  has  expanded,  all 
six  stamens  twist  through  a  quarter  of  a  revolution ;  each  of  the 
loDger  ones  turns  its  anther  towards  the  adjacent  shorter  one  ; 
while  each  of  the  two  shorter  ones  turns  towards  the  outside 
of  the  flower.  Now  the  anthers  dehisce,  and  at  the  same  time 
the  stigma  becomes  mature.  Insects  in  reaching  the  two  outer 
honey-drops  cannot  avoid  touching  with  their  head  or  proboscis 
the  pollen-covered  sides  of  the  two  neighbouring  anthers;  while 
those  that  suck  the  inner  drops  only  come  in  contact  with  the 
pollen  of  a  single  anther.  Owing  to  the  small  size  of  the  flower, 
the  insect  must  touch  the  stigma  at  the  same  time  with  another 
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part  of  its  proboscis  or  head.  Aa  we  liave  seen  iu  other  cases, 
this  must  regularly  lead  to  cross- fertilisation  if  the  iusect  thrusts 
its  bead  only  once  into  the  flower,  but  may  equally  well  produce 
sell'-fertihsatjon  if  it  dues  so  more  than  once.  In  absence  of 
insects  self- fertilisation  is  always  accompUshed  by  means  of  the 
longer  stamens. 

On  April  27  and  28,  1872,  I  and  my  son  Hermann  saw  the 
following  insects  visit  a  luxuriant  patch  of  Teesdalia  in  sunny 
weather : — 

A.  Hjmenoplera — Apiiim ;  (1)  Spbecodes  ephippia,  L.,  siickiog  on  thirifien 
iufloreecences  succeseiToly.  B.  Coleoptera — (a)  CliTymrKtlidic :  (2)  Haltica 
nenioruro,  h.,  three  BpecimeiiB,  apparently  Buckmy  ;  (3)  PlecCroacelw  dcntipeti, 
E.  E.,  one  spedinen,  do.  ;  (4)  Ciuttida  nebuluHO,  L.,  two  specimenB  flew  on  to 
the  infloreeeence  witliont  making  um  of  the  flowers  ;  (b)  CurcuUonida :  (S) 
Ceutorliynchus  pumilio,  Gylh.,  two  apecimens,  s.  ;  (c)  Elaleriilir .-  (B)  Limonius 
parvnlua,  Pz.  ;  (d)  Hydrophilida: :  (7)  Cercyon  imiile,  Pk.  (thcBe  last  two  beetles 
hIso  settled  on  the  flowets,  but  I  coolil  not  aee  tliat  they  made  u(«  of  lliem  in  any 
wiiy).  C.  Di])terfl— (a)  St/rjihiiUr  .-  (8)  MelithreplUB  up.  ;  (9)  Aatia  jiodagricn, 
P.,  both  f. p. ;  (6)  MvHcuiff :  (10)  St-psia  putris,  L.,  ttb.,  s.  Also  many  minute 
-   MuBcidiB  and  gnalti,  1  to  4  mm.  loTi^;. 

Biscatella  Iwvigata,  L.,  is  homogamouB.  I  have  found  it 
vieited  by  thirty-six  species  of  insects,  mostly  Diptera  (609). 

Hespcris  tristis,  L. — This  plant,  by  elongation  and  close  approxi- 
mation of  the  sepals  and  the  claws  of  the  petals,  excludes  all 
insects  except  Lepidoptem  from  its  honey.  By  the  time  of  ex- 
panding and  emitting  its  perfume  it  has  become  adapted  for 
cross-fertilisation  by  crepuscular  and  noctumalforms(5^o,Tol.  xii.). 

34.  Hesperis  matronalis,  L. — Honey  is  secreted  by  two 
very  lai-ge,  green,  fleshy  glands  surrounding  the  base  of  the  shorter 
stamens,  and  especially  developed  on  their  inner  sides ;  it  collects 
on  each  side  of  the  flower  between  the  pistil  and  the  bases  of 
the  three  stamens  of  that  side. 

The  taller  anthers  stand  at  the  entrance  of  the  flower,  and  only 
project  beyond  it  when  they  have  withered.  The  shorter  stand  a 
little  deeper  within  the  flower,  and  when  they  dehisce  their  tips 
closely  surround  the  stigma,  which  is  afterwards  protruded  beyond 
the  flower  by  the  lengthening  of  the  pistil.  All  the  anthers 
dehisce  inwards,  and  cover  the  stigma  with  pollen.  If  insect- 
visits  take  place  at  the  proper  time,  cross-fertilisation  is  also 
effected  :   regulaily  by  the  honey-seeking  species,  for  they  touch 
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stigma  and  stamens  with  opposite  sides  of  the  proboscis,  and,  at 
least  sometimes,  by  pollen-seeking  forms. 

Visitors  :  A.  Diptera — (a)  StraHomyida :  (1)  Nemotelus  pantherinus,  L. 
f.p.  ;  (6)  Syrphida :  (2)  Chrysogaster  senea,  Mgn.  (Tekl.  B.),  f.p.  ;  (3)  Eris- 
talis  nemorum,  L.  ;  (4)  E  tenax,  L.,  both  f.p. ;  (5)  Volucella  pellucens,  L. 
(TekL  B.) ;  (6)  Rhingia  roetrata,  s.,  very  ab.  B.  Hymenoptera — Apida :  (7) 
HalictuB  leucopus,  K.  $  ;  (8)  Andrena  albicans,  K.  9  ;  (9)  Apis  mellifica,  L. 
9,  all  three  c.p.  C.  Lepidoptera — (10)  Pieris  brassicae,  L.,  s. ;  (11)  P.  napi, 
L.,  8. ;  (12)  P.  rapse,  L.,  s.  D.  Coleoptera — (13)  Anthocomus  fasciatus,  L.  See 
also,  590,  II. 

35.  Alliaria  officinalis,  Andrzj.  (Sisymbrium  Alliaria, 
Scop). — The  honey-glands  agree  in  character  and  situation  with 
those  of  Cardamine  pratensis.  But  while  in  C.  prcUensis  the  honey 
is  secreted  towards  the  outside,  and  collects  in  the  pouched  sepals, 
in  A.  officinalis  it  exudes  inwards  from  the  glands  at  the  base  of 
the  short  stamens,  and  forms  four  drops  in  the  base  of  the  flower. 
These  each  lie  between  a  short  stamen  and  the  adjacent  long 
one,  and  finally  fill  the  lower  part  of  the  space  between  the 
stamens  and  pistil,  to  which  parts  they  adhere  firmly.  I  have 
never  observed  secretion  on  the  part  of  those  glands  which  occupy 
the  position  of  the  two  aborted  short  stamens  ;  they  seem  to  be 
functionless  ancestral  structures.  The  sepals,  which  persist  as 
receptacles  for  the  honey  in  C,  pratensis,  are  in  A,  officinalis  only 
useful  in  the  bud,  as  a  protection  for  the  parts  within,  and  by 
contributing  by  their  white  colour  to  the  conspicuousness  of  the 
inflorescence ;  when  the  flower  expands  they  cease  to  be  of  usfe 
and  easily  drop  oflf. 

All  the  anthers  dehisce  inwards ;  the  inner  ones  surround  the 
stigma  so  closely  that  they  always  effect  self-fertilisation,  and 
this,  as  I  have  proved,  leads  to  the  production  of  good  seed. 
Cross-fertilisation  must,  as  in  the  foregoing  species,  be  effected 
very  frequently  by  honey-seeking  insects,  and  at  times  by  pollen- 
seeking  species ;  and  it  probably  then  outstrips  self-fertilisation  in 
its  action. 

Visitors  :  A  Hymenoptera — Apidas ;  (1)  Apis  mellifica,  L.  $ ,  s.  B.  Dip- 
tera—(a)  Syrphidas :  (2)  Syrphus  decorus,  Mgn.  (TekL  B.) ;  (3)  Rhingia 
rostrata,  L.,  s. ;  (b)  Muscidce  :  (4)  Anthomyia,  s.  C.  Coleoptera — (a)  Nitidulidas  : 
(5)  Meligethes,  ab. ;  (6)  Epuroea  ;  (b)  CurcuUonidoR :  (7)  Ceutorhynchua,  a 
minute  species.     See  also  590,  IL 

36.  Sisymbrium  officinale,  Scop. — The  structure  of  the 
flower  agrees  fairly  with  that  of  the  foregoing  species.     Each  of 
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the  two  sliorter  stamens  lias  on  either  side  of  its  base  a  honey- 
gland  ;  each  of  the  four  honey-drops  secreted  by  these  lies  in  the 
space  boiiniied  by  one  of  the  shorter  stamens,  the  adjacent  long 
one,  and  the  pistil.  The  anthers  ripen  along  with  the  stigma, 
which  their  pollen-covered  sides  face ;  the  taller  anthers  overtop 
the  stigma  and  arch  inwards,  the  shorter  stand  on  a  level 
with  it,  and  curve  slightly  outwards.  In  default  of  insect- 
visits  pollen  regularly  falls  upon  the  stigma  from  the  four  long 
stamens. 

The  flowers  are  very  small,  and  for  that  reason  insect-visits  are 
scarce.  The  honey,  however,  seems  to  be  particularly  liked  by  cer- 
tain insects.  On  June  27, 1868,  on  a  waste  patch  where  S.  officinale 
and  Capsella  hursa-pastoris  were  growing  abundantly  with  several 
other  plants,  I  noticed  Pkris  jiapi,  L.,  and  P.  rajiar,  L.,  flying  about 
in  great  numbers,  and  sucking  the  flowers  of  this  plant  only.  The 
point  of  the  insect's  proboscis  is  tlirust  in  between  the  stigma  and 
the  anthers.  I  also  saw  several  specimens  of  Atidreva  dorsaia, 
K.  $,  in  quest  of  pollen:  they  were  probably  as  likely  or  more 
likely  to  effect  self-fertihsation  than  cross-fertilisation. 

Viritors  ;  A.  Jlymenoptera — Apiilir  .-  (1)  Andrena  dursiiln,  K.,  c.p.  anj 
f.p.  B.  Lepidoptem— if/iD;«(of(ra;  (2)  Pieris  iiFipi,  L.,  b.  ;  (.■))  P.  lupic 
L.,  s.    See  alw>  590, 11. 

37.  Capsella  buksa-pastokis,  D.C.^ — The  only  difference 
to  be  noted  between  this  and  the  foregoing  is  that  the  long 
stamens  stand  on  a  level  with  the  stigma,  and  effect  self -fertilisa- 
tion regularly.  Specimens  which  I  kept  in  a  room  and  protected 
from  insects  were  fully  productive. 

Visitore  ;  IHptero — (a)  Sffrphida :  (I)  EristaliB  nemorum,  L.,  b.  and  t,p.  ; 
(1)  Syrphua  balteatus,  Deg.,  do.  ;  (3)  Syritta  pipiens,  L.  ;  (4)  Ascia  podt^cti 
F.,  B.  ;  (5)  Melithreplua  BcriptUBi  L.  ;  (6)  M.  t*iiiiitiiB,  Mga.  ;  (7)  M.  pictUB,  Mgn., 
the  last  three  a.  and  f.p.  ;  (6)  Jlutcitim  :  (S)  Authomyia,  s.     See  also  590,  11. 

38.  Lepidium  sativum,  L.— The  flowers  are  inconspicuous, 
but  their  strong  scent  is  perceptible  even  to  us  several  paces  off. 
Owing  doubtless  to  this,  they  are  more  abundantly  visited  than 
any  other  Cnicifer  which  I  liave  observed,  partly  for  their  honey, 
pirtly  for  their  poUen.  The  honey  is  secreted  by  four  green, 
fleshy  glands,  situated  between  the  long  and  short  stamens,  and 
opposite  to  the  petals ;  the  two  long  stamens  on  each  side  face 
the  broad  surface  of  the  siiicula,  and  arise  close  together  between 
the  two  lateral  petals.     The  anthers  dehisce  introrsely,  and  the 
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stamens  undergo  no  twisting,  but  in  sunny  weather  they  bend 
backwards  as  far  as  the  nearly  upright  sepals  permit  them.  As 
to  the  likelihood  of  cross-  or  self-fertilisation,  the  same  holds  as 
in  the  case  of  Nasturtium  silvestre.  When  in  rainy  weather  the 
flowers  do  not  fully  open,  or  when  they  close  up  again  without 
being  visited  by  insects,  self-fertilisation  occurs. 

Visitors  :  A.  Diptera— (a)  Bomhyl'idoR  :  (1)  Argyromceba  sinuata,  Fallen  ; 
(b)  SyrphidoB  :  (2)  Eristalis  arbustonim,  L.  ;  (3)  E.  nemorum,  L.  ;  (4)  E.  sepul- 
cralis,  L.  ;  (5)  Helophihis  floreus,  L.  ;  (6)  Syritta  pipiens,  L.,  very  ab. ;  (7) 
Melithreptus  taeniatus,  Mgn.  ;  (8)  Ascia  podagrica,  F.,  very  ab. ;  (9)  Pipiza 
chaljbeata,  Mgn.,  all  these  Syrphidte  now  s.,  now  f.p.  ;  (c)  Mmcidce :  (10) 
Siphona  cristata,  F.  B.  Hynienoptera — (a)  Ichneuvionidn :  stragglers ;  {h) 
Sphegida:  (11)  Oxybelus  belhis,  Dlb.,  ab.  ;  (12)  O.  uniglumis,  L.,  very  ab.  ; 
(13)  Cemonus  unicolor,  F. ;  (14)  Cerceris  variabilis,  Schrk.,  very  ab. ;  (c) 
Chrysidce:  (15)  Hedychrum  lucidulum,  F.  (J  ;  (</)  Ap'xdce:  (16)  Prosopis  com- 
mnnis,  NyL  $  $ ,  very  ab.,  s.  and  f.p. ;  (17)  P.  armillata,  NyL  cJ  ? ,  do.  ;  (18) 
Halictns nitidiusculus,  K.  9,  »•  ;  (19)  H.  lucidulus,  Schck.?,  s.j  (20)  Andrena 
parvula,  K.  2  ;  (21)  A  pilipes,  F.^J,  s.  C.  Coleoptera — (a)  Demiestidn  :  (22) 
Anthrenus  pimpinellae,  F.  ;  (/>)  Malacoderniata :  (23)  Dasytes  flavipea,  F. ; 
(24)  Anthocomus  fasciatus,  F.  ;  (25)  Malacliius  bipustulatus,  F.,  gnawing  the 
anthers  and  petals.     D.  Lepidoptera — (26)  Sesia  tipuliformis,  L.,  s.,  frequent. 

Hutchinsia  alpina,  R.  Br.,  is  proterogynous  with  persistent 
stigmas.     It  is  visited  and  cross-fertilised  by  Diptera  (609). 

39.  Brassica  oleracea,  L. — Two  honey-glands  lie  on  the 
inner  side  of  the  bases  of  the  two  short  stamens,  and  two  others 
occupy  the  position  of  the  aborted  pair,  i.e.  are  antero-posterior. 
The  honey-drops  secreted  by  the  two  former  distribute  themselves 
each  between  a  short  stamen,  the  two  adjacent  long  ones,  and  the 
pistil,  and  are  easily  visible  on  looking  straight  downwards  into 
an  open  flower;  the  drops  from  the  other  pair  of  glands  lie 
outside  between  the  two  adjacent  long  stamens,  and  these  drops 
increase  until  they  sometimes  reach  the  sepals.  The  two  shorter 
anthers  stand  sometimes  on  a  level  with  the  stigma,  usually 
however  they  are  not  so  high ;  they  curve  outwards,  but  their 
pollen-covered  sides  face  the  centre  of  the  flower.  The  long 
stamens  perform  a  quarter-  or  half-revolution  without  increasing 
their  distance  from  the  centre  of  the  flower,  so  that  the  pollen- 
covered  sides  of  their  anthers  are  either  turned  towards  the 
neighbouring  short  stamen,  or  else  directly  outwards.  An  insect 
in  sucking  the  honey  at  the  base  of  a  short  stamen  touches  with 
one  side  of  its  head  or  proboscis  the  stigma,  and  with  the  other 
a  short  stamen  and  usually  a  long  one  at  the  same  time:  the 
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other  two  drops  of  honey  can  be  reached  without  touching  the 
stigiQo,  and  seem  to  afford  no  aid  in  fertilisation.  In  default 
of  insect-viaits  the  upper  part  of  each  of  the  long  anthers  bends 
back  80  far  as  to  touch  the  stigma,  thus  effecting  self-fertilJsatioD, 

This  self-fertilisation  is  probably  efficient:  at  least  B.  rapa,  L., 
was  found  byHildebrand  to  produce  seed  when  self-fertilised  (351). 
In  sunny  weather  I  have  always  found  the  honey  very  evident. 
Sachs,^  who  says  "  the  dark-green  nectaries  lying  between  the 
stamens  of  Brassica  retain  their  secretion  within  them,"  has 
probably  examined  the  flowers  in  dull  weather. 

Virilore:  A.  Culeoptera — Nitiduiida :  (1)  Meligethes,  very  at.,  feeding  on 
the  petaU  and  on  pollen.  B.  Hymcnoptera — Apida :  (3)  Andrena  nigroieuea, 
K.  ?,  B.;  (3)  A  Gwynnna,  K.  9  ,  fi.  end  f.p.  ;  (4)  A.  MvkniB,  K  9,  c.p.  ; 
(5)  A.  nana,  K.  $ ,  s.  and  f.p.  ;  (6)  Halictua  cylindricu-i,  K.  $  ;  (T)  Apie  melltfioi, 
L.  5 1  *.  iiid  f.p.  (I  did  not  aee  the  hive-bee  preBcrve  any  definite  order  in 
vieiting  ilowers  of  this  plant  ;  frequently  a  bee  after  visiting  a  second  flower 
returned  to  the  firat).     C.  Tliysanoptera— (8)  ThripB,  ab. 


40.  S1NAPI8  ABVENSIS,  L. — The  honey-glands  are  placed  os 
in  Brassica.  When  the  calyx  expands,  the  glands  are  visible  and 
accessible  from  tlie  outside,,  and  insects  can  reach  them  without 
touching  the  essential  organs  of  the  flower.  The  close  ^gregation 
of  the  flowers  however  renders  it  more  convenient  for  the  insect 
to  thrust  its  proboscis  down  between  the  stamens,  and  in  point 
of  fact  I  have  never  seen  an  insect  visitor  obtain  the  honey  from 
the  outside.  The  twisting  tif  the  stamens  and  the  likelihood  of 
cross- fertilisation  are  as  in  Cardaviine  pratensis;  as  the  flowers 
wither,  however,  the  anthers  turn  their  pollen -covered  sides  up- 
wards, and  finally  their  tips  bend  downwards,  so  that  they  effect 
self-fertilisation  if  their  pollen  has  not  already  been  removed. 

Visitors:  A.  Dipteni— .%rpAtri(F  .■  (1)  EnetaliB  senciis,  P/. ;  (2)  E.  arbun- 
toriim,  h.  ;  (3}  Rhingiii  rostruta,  L.,  all  (heee  both  b.  and  f.p,  B.  Hynien- 
optera — (a)  Tenlhrediniila  :  (4)  CephuB  apinipes,  Pz.,  and  several  small  sp. 
in  great  abundance,  hh,  and  f.p.  ;  (b)  Apida :  (S)  Halictne  leui'ozoniuEi, 
Bchrk.  9 ,  o.p.  ;  (6)  Andrena  nana,  K.  <J ,  b.  ;  (7)  Apis  mellifica,  L.  5 ,  very 
ab.,  both  a.  and  c.p.  (I  found  it  collecting  pollen  on  Siaajiit  on  Oct  S,  1869). 
C-  Coleoptera— (8)  Coccinella  7pnnctata,  L.,  l.h.  D.  Lepidoptem— (3) 
Euclidin  glypliica,  L.,  b.     See  also  590,  rt. 


A  variety  of  Sinapis  arvcnsis  bears  cleistogamic  floi 
Croix,  where  the  temperature  is  25°  C  (762). 

'  Ltirbiifh  der  Bolnni'l;  2nd  I'd.,  p-  HO. 
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4{i.  Raphanus  raphanistrum,  L.,  has  four  honey-glands 
arranged  as  in  S,  arvensis,  but  all  the  anthers  remain  turned 
towards  the  stigma,  the  shorter  ones  standing  on  a  level  with  it,  so 
that  the  chance  of  self-fertilisation  is  increased. 

I  have  seen  the  honey-bee,  which  usually  confines  itself  to 
one  species  of  plant,  visit  flowers  of  B.  raphanidrum  and  S.  arvensis 
indiscriminately. 

Suhularia  aquatica,  L. — ^When  the  water  is  unusually  high,  the 
flowers  remain  closed  and  submerged,  and  fertilise  themselves  (17, 

350. 


REVIEW  OF  THE  CRUCIFER/E. 

With  great  uniformity  in  the  general  structure  of  the  flower, 
Crucifers  show  such  variability  in  the  number  and  position  of 
the  honey-glands  and  in  the  situation  of  the  anthers  in  relation 
to  these  and  to  the  stigma,  that  scarcely  two  of  the  species  that  we 
have  discussed  agree  fully  in  these  points. 

The  number  of  honey-glands  may  be  two,  four,  or  six;  they 
are  placed  on  or  between  the  bases  of  the  stamens :  and  in  the 
former  case,  either  on  their  inner  side,  their  outer  side,  or  round 
about  them;  intermediate  positions  are  sometimes  assumed  by 
abortive  and  functionless  glands.  The  honey  when  secreted  either 
remains  in  drops  upon  the  glands  or  fills  spaces  between  the 
stamens  and  pistil  or  accumulates  in  sepaline  pouches. 

All  or  certain  of  the  anthers  are  placed  so  that  honey-seeking 
insects  must  touch  them  with  one  side  and  the  stigma  with  the 
other ;  but  their  situation  is  not  always  the  most  favourable  for 
this  result,  and  the  more  they  diverge  from  the  position  most 
favourable  to  cross-fertilisation,  the  more  chance  do  they  give  of 
self-fertilisation. 

This  is  explained  by  the  following  circumstances. 

In  all  the  CruciferaB  which  we  have  considered,  the  position  of 
the  anthers  in  relation  to  the  honey-glands  and  the  stigma  renders 
cross-fertilisation  likely,  but  not  by  any  means  inevitable,  on  the 
visit  of  a  honey-seeking  insect ;  but  it  does  not  in  any  way  favour 
cross- fertilisation  more  than  self-fertilisation  if  the  insect  comes  to 
feed  on  or  gather  pollen.  The  abundance  as  well  as  the  diversity 
of  insect-visitors  is  not  great  in  the  species  we  have  considered ;  we 
find  chiefly  flies  (especially  Syrphidce),  bees  (especially  the  less 
specialised  forms),  and  in  less  degree  other  Hymenoptera  (espe- 
cially SphegidoR),  Coleoptera,  and  Zepidoptera.     ffesperis  tristis   is 
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alone  adapted  for  noctuniaJ  insects,  and  Pringlea  has  become 
auemophilous  in  the  absence  of  insects  suitable  for  its  fertilisation. 
On  the  whole,  Crucifers  are  far  behind  TJmbellifera  in  the  number 
and  variety  of  their  insect- visitors,  both  on  account  of  their  leas 
conspicuous  flowers  and  their  leas  accessible  honey ;  and  not  rarely 
plants  remain  altogether  unvisited.  The  possibility  of  self- fertilisa- 
tion is  useful  if  not  necessary  for  the  preservation  of  all  the  Crucifers 
that  we  have  considered ;  in  many  we  find  that  self-fertilisation 
takes  place  to  a  very  consi  Jerable  extent ;  and  in  several  we  have 
experimental  evidence  that  it  is  productive  of  seed.  Under  these 
circumstances  it  would  be  better  for  the  plant  to  forego  attaining 
in  its  anthers  the  most  favourable  position  ]Kissib1e  for  dusting 
honey-seeking  insects  with  pollen,  if  by  doing  so,  while  retaining . 
the'chance  of  cross -fertilisation  if  insects  did  come,  it  could  fully 
insure  self- fertilisation  if  they  did  not. 

It  is  impossible,  therefore,  to  consider  with  Hildebrand  that  the 
twisting  of  the  stamens  in  Crucifers  ia  "  a  remarkable  expression 
of  repugnance  to  self-fertilisation  "  (351,  p.4S);  it  rather  refers 
solely,  as  Axell  rightly  explains,  to  the  dusting  of  insects  with  the 
pollen  on  their  way  to  the  honey  (17,  p.  195.  S"'  oven  Axell's 
statement  needed  correction  and  completion,  since  he  only  acknow- 
ledged two  distinct  cases  in  the  arrangement  of  the  honey-glands 
and  the  twisting  of  the  stamens,  and  referred  all  Cruciferae  to 
one  or  other  of  these  two  types;  and  further,  he  did  not  take  the 
position  of  the  anthers  into  account  as  an  aid  to  self- fertilisation. 

The  way  in  which  conspicuousness  is  attained  throughout  the 
Umbelliferte  by  association  of  many  flowers  in  one  surface,  and  by 
asymmetrical  development  of  florets  for  the  common  good,  is 
exemplified  only  in  isolated  genera  of  Cruciferaj  {Teesdalia,  R.  Br, 
Ibcris,  L.);  and,  in  Teesdalia  at  least,  it  does  not  so  far  insure 
cross-fertilisation  that  self-fertilisation  may  be  dispensed  with. 

Ohd.  CAPPARIDE^. 

CappaH/i,  L.,  Ckome,  L.,  and  I'olanisui,  Rafin.,  are  pro te rand rous, 

according  to  Delpino  (172,  352). 

Ohd.    JiESEDACE^S. 

42.  Reseda  odorata,  L.- — ^The  receptacle  is  raised  up  between 
the  petals  and  stamens  in  the  upper  half  of  the  flower  into  a 
perpendicular  quadrangular  plate,  velvety  on  its  anterior  surface. 
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wliich  is  yellowish  during  tbe  time  of  flowering  and  orange-red 
afterwards.  It  serves  as  a  guide  towards  the  honey,  which  is 
secreted  and  lodged  upon  the  smooth  green  posterior  surface. 

The  expanded  claws  of  the  upper  and  middle  petals  lie  close 
to  the  hinder  surface  of  this  plate  and  surround  its  upper  and 
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inaldng  the  flower  conspicuous.      It  is  also  rendered  perceptible  at 
a  distance  by  its  powerful  scent. 

There  is  no  true  expansion  of  the  flower,  since  its  parts  lie  open 
even  in  the  bud :  the  commencement  of  the  flowering -period  is 
marked  rather  by  the  honey-glands  beginning  to  secrete,  and  by 
some  of  the  anthers  (1,  Fig.  35),  which  had  been  bent  down  under 
the  pistil,  dehiscing  and  rising  up  towards  the  honey-secreting  plate, 
while  the  three  or  four  carpels  at  the  same  time  develop  stigmatic 
papillae  at  their  apices. 

Since  the  pistil  projects  considerably  from  the  middle  of  the 
horizontal  flower,  it  forms  the  most  convenient  landing-place  for 
honey-seeking  insects,  and  is  hence  very  readily  covered  with 
pollen  from  other  flowers.  In  default  of  insect-visits  self-fertilisa- 
tion takes  place,  as  the  stigmas  lie  immediately  underneath  the 
erect  anthers.  Plants  whioh  were  kept  protected  from  insects 
yielded  capsules  filled  with  good  seed. 

The  flowers  are  especially  visited  by  species  of  Prosopit.  In 
July,  1867, 1  had  some  pots  of  mignonette  in  flower  in  the  open 
window  of  ray  room.  Specimens  of  Pi-osopis  kept  constantly 
coming  and  fluttering,  sometimes  live  or  six  together,  in  an  un- 
usually lively  way  about  th«  flowers.  They  sometimes  plunged 
their  heads  between  the  sliie!d-like  plate  and  the  upper  petals, 
licking  up  the  honey  with  outstretched  tongue,  and  sometimes 
gnawed  through  the  still  unopened  anthers  and  devoured  the 
pollen.  In  subsequent  years  I  have  repeatedly  observed  these 
actions  on  R.  odorata  and  R.  luteota,  L.,  both  cultivated  and  wild. 
Altogether  I  have  noted  the  following  insects  as  viaitora  of  our 
species  of  Reseda,  including  R.  odm-ata. 

A,  Hymenoptcra — (a)  Apiilie  .•  (1)  Prosopis  coniniuais,  Nyl.  ?  J,  very 
ah.  i  (2;  P.  acmillnta,  N.  $  (J ;  (3)  P.  eigneXii,  Pi.  $  ,J,  ah. ;  (4)  P.  pictjpe* 
NyL  (J  (  (5)  P.  annularis,  Sm.  2 ;  (6)  Apia  raellifica,  L.  >} ,  aU,  e.  and  c.p. ; 
(7)  Halittiia  zonulua,  Sm.  $  cp.  ;  (8)  H.  Smeathmnnelliia,  K.  2  c.p. ;  (i)  Sphe- 
giila :  (9)  Certeris  varinbilifi,  Schrk.  9  J ,  b.  and  f.p.  B.  Diptem— Sjrp/(irf«  .- 
(10)  Syrittn  pipien?,  L.,  f.p.     C.  Thysanoptera— (1 1)  Thripa,  very  ab. 

43.  Reseda  luteola,  L.  : — 

Hymanoptera— <4;»irfffi .-  (1)  Prosopis  annillata,  Nyl.  J  ^,  ab.  ;  (2)  P. 
conimuniB,  Nyl.  ?  £ ,  very  «b.,  b.  and  f.p.  ;  (3)  Apia  mellifica,  L.  5 ,  a.  and  c.p.  ; 
(4)  Andrena  nigroieuea,  K.  2 ,  8.     See  also  590,  IL 

it.  Reseda  lctea,  L.  (Thuringia) : — 

Hymenoptera— (a)  Sphegitlis :  (!)  Cerceria  arenaria,  L.,  Bcarca;  (B)  C. 
labiftta,  F.,  nb.  ;  (3)  C.  variabilia,  Schrk.,  very  ab.  ;  (6)  Vfpida :  (4) 
OdyikeraB  parietum,  L.  $ ,  all  sucking. 
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Ord.  CISTINE^. 

45.  Helianthemum  vulgabe,  L.  (Sauerland). — The  flower 
has  three  sepals,  five  petals  which  spread  out  to  face  the  sun,  and 
many  more  than  100  stamens  whose  anthers  mature  sunultaneously 
with  the  large  capitate  stigma.  The  stigma  slightly  overtops  the 
anthers,  which  at  first  stand  close  around  the  centre  of  the  flower, 
but  move  outwards  when  touched,  dusting  the  insect  that  touches 
them  with  pollen.  The  result  of  this  irritability  of  the  stamens  is 
that  the  flower  is  most  conveniently  approached  from  the  outside, 
t  e.  from  the  corolla,  by  the  first  visitor,  and  at  least  as  conveniently 
from  the  centre  by  subsequent  visitors.  If  an  insect  which  has 
been  dusted  with  pollen  in  the  first  flower  alights  in  the  middle  of 
the  next,  it  always  effects  cross-fertilisation.  In  default  of  insect- 
visits,  self-fertilisation  results  in  the  closed  and  slightly  nodding 
flowers.  The  flower  contains  no  honey,  for  which  the  excess  of 
pollen  is  some  compensation. 

Visitors :  A.  Diptera — Syrphida: :  (1)  Helopbilus  pendulus,  L.  ;  (2) 
Syrphus  pyrastri,  L.  ;  (3)  S.  ribesii,  L.  ;  (4)  Melithreptus  scriptus,  L.  ; 
(5)  M.  taeniatus,  Mgn.  ;  (6)  Ascia  podagrica,  F.,  all  f.p.  B.  Hymenoptera — 
Apida :  (7)  Apis  mellifica,  L.  9  >  ab-  ;  (8)  Bomb  us  muscorum,  L.  9  ;  (9)  Halictus 
TiUoBulus,  K.  ?  ;  (10)  Andrena  fulvicnis,  K.  ?,  all  c.p.  C.  Coleoptera — Ceram- 
bjfcida :  (11)  Strangalia  nigra,  L.,  devouring  tbe  antbers. 

On  the  Alps  I  have  found  H.  vulgare  visited  by  fifty-three 
species  of  insects ;  the  small-flowered  -ff.  alpcstre  by  fourteen.  They 
were  mostly  Diptera,  Apidce,  and  Coleoptera,  but  in  part  also 
Lepidoptera  (609). 

Most  North  American  species  of  Helianthemum  produce,  in 
addition  to  the  ordinary  flowers,  much  more  numerous  cleistogamic 
ones.  The  same  occurs  in  the  case  of  H.  Kahiricum  and  H,  Lippii 
"^  Egypt  (531). 

The  flowers  of  H.  guttaturn-  only  open  in  the  morning  and 
dose  after  a.  few  hours,  fertilising  themselves  if  cross-fertilisation 
has  not  meanwhile  taken  place.  The  same  is  the  case  in  H.  vU- 
bwum,  Thib.,  H,  Icdifolium,  L.,  Cistus  hirsuivs,  L.,  and  C.  villosus, 

L(I2). 

Lechea,  L.,  also  bears  cleistogamic  flowers  (399). 

Obd.  yiOLARlEJE, 

46.  Viola  tbicolor,  L. — The  peculiar  arrangement  of  Viola 
vu  in  substance  elucidated  by  Sprengel.  Hildebi^and  subsequently 
drew  attention  to  the  lip-like  valve  of  the  stigmatic  cavity,  by 
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which  cross-fertilisation  is  assisted  in  Viola  tricolor,  which  had  been 
overlooked  by  Spreugel.  I  have  observed  (No.  570)  that  this  lip, 
which  insures  cross -fertilisation,  is  only  developed  in  the  large- 
flowered  variegated  variety  of  V.  tricolour,  while  in  the  small- 
flowered,  whitish-yellow  variety,  V.  arvf-nitis,  the  orifice  of  the 
stigma  is  devoid  of  a  lip  and  is  curved  inwards ;  in  this  form  the 
flower  fertilises  itself  spontaneously  very  soon  after  opening. 

In  all  our  violets  the  spurs  of  the  lower  anthers  act  as  honey- 
glands,  and  the  hollow  spur  of  the  lower  petal  whicli  contains 
them  forms  a  receptacle  for  the  honey.  To  reach  the  honey  in 
Vida  tricolor,  the  insect  must  thrust  its  proboscis  into  the  flower 
close  under  the  globular  head  of  the  stigma.  This  lies  in  the 
anterior  psirt  of  a  groove,  fringed  with  hairs,  on  the  inferior  petal. 
The  anthers,  which  together  form  a  cone,  shed  their  poUen  into 
this  groove,  either  of  themselves  or  when  the  pistil  is  shaken  by 
the  insertion  of  the  bee's  proboscis.  The  proboscis,  passing  down 
this  groove  to  the  spur,  becomes  dusted  with  pollen ;  as  it  is 
drawn  back  it  presses  up  the  iip-Iike  valve  so  that  no  pollen  can 
enter  the  hollow  stigmatic  chamber;  but  as  it  enters  the  next 
flower  it  leaves  some  pollen  on  the  upper  surface  of  the  valve,  and 
thus  cross-fertilisation  is  effected. 

I  have  observed  very  numerous  bees  visiting  a  handsome, 
l^ge-tlowered  variety  which  is  not  uncommon  on  sandy  soil  at 
Lippstadt,  growing  along  with  V.  arvensis.  Apis  viellijica,  L.  9, 
always  sucks  in  a  reversed  position  with  its  head  downwards ; 
it  often  alights  in  the  usual  position  and  then  turns  round 
Hnmble-beea  usually  suck  hanging  back  downwards  to  the 
flowers,  which  are  bent  down  by  their  weight,  Bomhvs  irrrealris 
(7  to  9)  and  B.  lapidarius  (12  to  14)  usually  turn  round,  so  as  to 
introduce  their  proboscis  in  the  same  way  as  the  honey-bee. 
B-  hortorum  (18  to  21)  and  AiUhophora  pilipes  (19  to  21)  grasp  the 
flower  from  behind  with  their  forefeet,  and  insert  their  tongues 
from  below  in  an  opposite  direction  to  the  honey-bee  (590,  il). 

A'lidtxna  aibicans,  K.  i ,  raade  efforts  to  suck  honey,  thrusting 
its  proboscis  repeatedly  into  the  same  flower.  The  attempt  must 
have  been  fruitless,  as  the  proboscis  of  this  bee  is  only  2  to  2^  mm. 
long,  while  the  pollen-collectiug  groove  described  above  is  3  mm. 
long,  and  the  spur  extends  for  another  3  mm. ;  in  this  case,  the 
repeated  insertion  of  the  proboscis  into  tlie  same  flower  must  have 
led  to  self-fertilisation.  I  repeatedly  noticed  a  common  small  fly, 
Syriiln.  pipiem,  L.,  eating  pollen  in  the  groove  and  on  the  anthers 
of   v.  tricolor ;   as   it   often    touched   the   stigma   also   with    its 
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proboscis,  it  might  easily  accomplish  self-fertilisation.  Delpino 
saw  V.  tricolor  visited  by  Anthophora  pilipes.  Darwin  found  it 
visited  by  Bombus  sp.  and  Rhingia  rostrcUa. 

I  have  found  V,  tricolor,  var.  arvensis,  to  be  very  sparingly 
visited,  chiefly  by  bees  and  humble-bees,  more  rarely  by  Bhingia 
and  by  butterflies  (590,  n.). 

Viola  calcarata,  L.,  greatly  surpasses  V.  tricolor  in  the  size 
of  its  flower  and  the  length  of  its  spur  (13  to  25  mm.).  It  is 
fertilised  only  by  Lepidoptera,  chiefly  by  Mdcroglossa  stella- 
tarum  (25  to  28  mm.),  our  quickest  worker.  I  have  seen  this 
insect  visit  194  flowers  on  diflferent  plants  in  6|  minutes,  and  I 
could  see  it  cross-fertilise  them  by  means  of  the  tip  of  its  proboscis 
dusted  with  white  pollen  (609). 

Viola  cornuta,  according  to  Mr.  W.  E.  Hart  (308),  is  adapted 
for  fertilisation  by  nocturnal  Lepidoptera  by  its  long  spur  and  by 
emitting  its  perfume  most  powerfully  by  night.  He  found  it  visited 
by  humble-bees,  by  Hipparchia  Janira,  and  by  Cuctdlia  umbratica. 

Viola  arenaria,  D.C.,  is  visited  by  butterflies  (609). 

Viola  biflora,  L.,  is  adapted  for  fertilisation  by  Diptera  (609). 

47.  Viola  odorata,  K — Here  the  end  of  the  pistil  which 
bears  the  stigma  is  not  globular  and  close  to  the  lower  petal,  but 
stands  at  a  short  distance  from  the  latter  and  is  bent  downwards 
into  a  hook.  When  a  honey-seeking  insect  thrusts  its  head  or 
proboscis  beneath  the  stigma  it  pushes  up  the  pistil  and  opens 
the  conical  ring  of  anthers;  the  pollen  is  thus  shed  upon  the 
inserted  organ.  Thus  in  every  flower  the  insect  touches  first  the 
stigma  and  then  causes  shedding  of  the  pollen. 

Sprengel's  experiments  led  him  to  the  conclusion  that  if  insects 
are  excluded  the  flowers  bear  no  seed. 

Visitors  :  A.  Hymenoptera — Apidas :  (1)  Apis  mellifica,  L.  9»  ^'cry  ab., 
8.  (as  Sprengel  described  and  figured  (title-page  xi.)  it  comes  downwards  and 
inserts  its  proboscis  into  the  flower  from  above)  ;  (2)  Anthophora  pilipes, 
F.  (J,  sucks,  clinging  to  the  lower  petal, — the  following  species  do  likewise  ; 
(3)  Bombus  hortorum,  L.  ?  ;  (4)  B.  lapidarius,  L.  ?  ;  (5)  B.  Rajellus,  111.  ?  ; 
(6)  Osmia  rufa,  L.  (J  9 ,  very  ab.,  also  enters  the  flower  from  above  as  a  rule. 
Bw  Diptera — Bombylidai :  (7)  Bombylius  discolor,  Mgn.,  s.  C.  Lepidoptera — 
(8)  Vanessa  urticae,  L.,  s.  ;  (9)  Rhodocera  rhamni,  L ,  s. 

48.  Viola  silvatica,  Fries.  ( V.  dlvestris,  Lam.). — The  spur  is 
7  mm.  long ;  the  honey-secreting  appendages  to  the  inferior  anthers 
which  project  into  it  are  5  mm.  long.     As  in  F,  tricolor,  the  cavity 
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of  the  stigma  is  protected  by  a  lip-shaped  valve ;  but  the  pollen 
is  shed  directly  upon  the  insect's  proboscis  or  head,  as  in  V,  odorcUa. 

Visitors :  A.   Hymenoptera — Apidce ;  (1)  Bombus  agrorum,  F.,  9 ,  s.     B. 
Diptera — Bombylidce:  (2)   Bombylius  discolor,    Mgn.   s.     C.    Lepidoptera — 

(3)  Anthocharis  cardamines,  L.,  s. ;  (4)  Pieris  brassicae,  L.  ;  (5)  P.  iiapi,  L.,  s.  ; 
(6)  P.  rapae,  L.,  s.  ;  (7)  Rhodocera  rhamni,  L.,  a, 

49.  Viola  canina,  L.  : — 

Visitors:    A.    Hymenopteiti — Apida :  (1)    Bombus  lapidarius,  L.  9,8.; 
(2)  Osmia  rufa,  L.  (J ,  s.  ;  (3)  0.  fusca,  Chr.  9,8.     B.  Diptera — Bombylidos : 

(4)  Bombylius  major,  L.,  s.     C.  Lepidoptera — Rhopalocera :  (5)  Pieris  rapaj, 
L.,  8.  ;  (6)  P.  napi,  L.,  s. 

Cleistogamic  flowers  have  been  observed  in  many  Violariece :  in 
V,  mirabilis,  L.,  by  Dillenius ;  in  V.  jpinnata,  L.,  and  F".  montana, 
L.,  by  Linnaeus ;  in  V.  elatior,  Fr,  V.  pumila,  var.  lancifolia,  Thor. ; 
F.  odorata,  L.,  and  V.  canina,  L.,  by  Daniel  Miiller ;  in  lonidium, 
Vent.,  by  Bcmouilli.  I  can  add  V.  bicolor'^  to  this  list.  In  the 
summer  of  1859,  I  gathered  some  plants  of  this  species  at 
Bamsbeck  Waterfall,  and  placed  them  in  a  plate  with  water  under 
the  shadow  of  a  bush  in  my  garden,  to  let  the  flowers  expand  ;  the 
plants,  which  I  watched  daily,  grew  well,  and  though  no  flowers 
opened  I  obtained  plenty  of  capsules  with  good  seed.  Cleistogamic 
flowers  have  been  seen  by  Mr.  T.  H.  Corry  in  F.  silvatica,  Fries., 
and  in  V,  stagnina,  Kit. ;  they  are  rare  in  the  latter.  Bennett  has 
observed  cleistogamic  flowers  in  Viola  cucullata,  Ait.,  F.  silvatica, 
V,  fiorihuiida,  and  F  mgittata,  Ait.  (79). 


EVOLUTION   OF  COLOUR  IN   VIOLETS. 

Various  facts  show  that  the  flowers  of  the  Violet  were  originally 
yellow. 

The  smallest,  most  short-spurred  of  our  Violas  is  V.  lijlora, 
which  is  visited  by  Diptera,  and  only  exceptionally  by  short-lipped 
bees;  its  flowers  are  yellow.  The  smallest-flowered  form  of 
V.  tricolor  (var.  arvensis)  has  whitish-yellow  flowers.  The  large- 
flowered  V.  tricolor,  var.  alpestris,  shows  all  stages  in  the  passage 
from  yellow  flowers  to  blue  ;  many  plants  have  flowers  which  are 
yellow  throughout,  in  others  the  flowers  are  yellow  when  they 

^  V.  tricolor  J  Pureh.,  is   a  form  of  J^,  tricolor ,  var.  arvensis. — Asa  Gray,  North 
American  Flora, 
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open,  but  change   gradually  to  blue,  and  in  others  the  change  to 
blue  occurs  immediately  after  opening,  or  even  before. 

The  moat  specialised  form.,  V.  calcarata,  is  almost  alnays  blue, 
but  occasionally  it  reverts  to  the  ancestral  yellow  colour  (609). 


Oed.  POLYGALE^ 

50.  PoLYOALA  COMOSA,  Schk. — The  structure  of  the  flower 
of  r.  vulgai-is,  which  i^rees  iu  all  essential  points  with  that  of 
P.  amosa,  here  figured,  was  first  explained  by  Hildebrand  (352). 

The  two  lateral  sepals  (ate),  which  are  large  and  coloured, 
render  the  flower  conspicuous.     The  inferior  petal  (p")  is  furnished 
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at  its  apex  with  finger-like  processes,  which  support  the  bee  when 
it  alights.  On  the  upper  surface  of  this  peUil  is  a  pouch  with  two 
valves,  inclosing  the  essential  oi^ans  ;  in  it  lies  the  spoon-shaped 
fltyle  with  its  concavity  upwards,  and  in  this  the  anthers  on  both 
sides  lie  aud  shed  their  pollen ;  close  behind  its  hollow  extremity 
the  style  bears  a  viscid  stigmatic  lobe,  bent  sharply  downwards. 
An  insect  which  tries  to  reach  the  honey  secreted  in  the  base 
of  the   flower   must,   while    clinging   to   the   fimbriate    processes 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  123 

of  the  lower  petal,  thrust  its  proboscis  between  the  two  valves  of 
the  pouch,  and  thus  come  in  contact  both  with  the  pollen  and  with 
the  viscid  stigma  ;  the  proboscis  being  thus  rendered  adhesive 
carries  some  pollen  with  it  out  of  the  flower,  and  when  it  is  drawn 
out  of  the  next  flower  in  a  similar  manner  it  leaves  some  of  this 
pollen  either,  caught  by  the  stigmatic  hook  or  adherent  to  the 
papilla.  Thus  cross-fertilisation  goes  on  regularly.  In  default 
of  insect-visits  the  stigmatic  lobe  curves  over  upon  the  pollen 
accumulated  in  the  "  spoon,"  and  is  thus  self-fertilised. 

On  the  Alps  P.  comosa  is  visited  by  Lepidoptera,  but  in  Low 
Grermany  chiefly  by  bees  (590,  II. ;  609). 

Polygcda  alpestris,  Rchb.,  is  visited  by  butterflies  (609). 

51.  POLYGALA  VULGAKIS,  L.  : — 

Visitors :  A.  Hymenoptera — Apidm :  (1)  Bombus  terrestris,  L.  ? ,  s.,  very 
frequent ;  (2)  B.  lapidarius,  L.  $ ,  s. ;  (3)  Apis  mellifica,  L.  $ ,  s.  B.  Lepid- 
optera— (4)  Polyommatos  Eurydice,  Rott  (Chryseis,  W.  V.),  s.  See  also  No. 
590,  n. 

Polygcda  ChamceJmxus,  L. — The  pollen  is  stored  in  a  cup  at 
the   end   of   the  style,   beside  which   is   the   sticky   stigma-disc 

(360). 

The  mechanism  of  fertilisation  shows  a  certain  resemblance  to 
that  of  Fapilionaceae.  In  both,  the  stamens  and  style  lie  in  the 
inferior  part  of  a  tubular  horizontal  flower,  at  the  end  of  which 
they  bend  upwards,  and  bear  the  anthers  and  stigma.  Those  parts 
lying  in  the  anterior  part  of  the  flower  are  in  both  sheltered  by  a 
carina  formed  of  coherent  petals,  and  emerge,  or  at  least  permit 
the  stigma  and  pollen  to  emerge,  when  the  carina  is  pressed  down, 
as  it  is  by  every  insect  which  obtains  the  honey -in  the  legitimate 
manner. 

In  Polygala  Chamcebuxus,  as  in  Lotus  and  several  other  Papil- 
ioTuicem,  it  is  not  the  anthers  themselves  that  emerge  when  the 
carina  is  depressed,  but  only  part  of  the  pollen  which  escapes ; 
and  after  repeated  depressions  the  stigma  also  emerges,  and 
cross-fertilisation  is  thus  insured.  A  full  description  of  this 
interesting  flower  is  given  in  my  book  Die  Alpenburrun. 

Polygala  myrtifolia,  L.,  has  also,  according  to  Delpino,  a  floral 
arrangement  comparable  to  that  of  Fapilionacese.  The  two  upper 
petals  represent  the  vexillum  ;  the  lower  one  represents  the  carina, 
and  like  it  surrounds  the  reproductive  organs  and  allows  them  to 


protrude  on  being  pressed  down  by  the  weight  of  an  insect ; 
serrate  processes  on  the  lower  petal  supply  the  place  of  aim.  The 
stamens  cohere,  forming  a  tube  incomplete  superiorly,  where  a 
longitudinal   split  admits  the  insect's  proboscis  to  the  nectaries 
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surrounding  the  base  of  the  column.     The  flowers  have  the  same 
want  of  symmetry  as  those  of  Lathynis  and  Pkaseolus,  and  are 
fertilised  in  the  same  way  by  JCylocopa  violacca,  (178,  360). 
Polygala  has  cleistogamic  flowers,  according  to  Kuhn  (399), 
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Ord.  GAHYOPHYLLBjE ;  a.   SILESE^. 

62.  DiAKTHUS  DELTOiDES,  L. — The  atamena  and  petals  spring 
from  an  annular  ridge  of  the  receptacle  encircling  tbe  stalk  of  the 
ovary.  This  ndge  bears  on  its  inner  border  a  yellow  Seshy  cushion 
which  secretes  honey. 

The  pistil,  the  stamens,  and  the  claws  of  the  petals,  which  are 
grooved  to  inclose  the  five  inner  stamens,  are  all  closely  surrounded 
hy  the  tube  of  the  calyx,  which  is  12  to  14  mm.  long,  and  a 
little  over   2  mm.   wide.     A  very  narrow   passage   is   thus  left. 


biM  of  the  pttsli 
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12  to  14  mm.  long,  leading  to  the  honey,  which  is  lodged  between 
the  base  of  the  stamens  and  the  ovary.  This  passage  is,  in  the 
first  state  of  the  flower,  so  much  blocked  by  the  five  inner 
anthers,  that  the  honey  is  only  accessible  to  the  proboscis  of 
Lepidoptera.  The  flowers  are  thus  specially  adapted  for  butter- 
flies; but  their  protruding  anthers  are  taken  advantage  of  hy 
pollen -seeking  insects  which  act  as  subsidiary  fertilisers. 

Flowering  begins  by  the  petals,  hitherto  erect  and  involute, 
spreading  out  horizontally;  they  are  rose-red,  with  slightly  in- 
dented purple  transverse  lines  near  the  base,  and  spreckled 
exto-nally  to  these  transverse  lines  with  small  white  spots,  each 
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of  wmch  bears  an  upright  hair.  The  limb  of  t!io  corolla  forms 
a  rosy  circle,  finely  notched  at  its  circiimfereuce,  indented  by  five 
deep  incisions,  and  with  its  white  centre  surrounded  by  a  purple 
ring,  outside  which  are  scattered  white  spots  (Fig.  39,  1).  As  soon 
as  the  flower  has  expanded  and  thus  mado  itself  attractive  to  the 
eminently  colour-loving  butterflies,  the  stamens,  with  their  anthers 
coated  all  round  with  pollen,  elongate  and  protrude  one  after 
another  in  rather  quick  succession  from  the  narro*  tube,  so  that 
every  butterfly  which  inserts  its  proboscis  must  dust  at  least  its 
head  with  pollen.  The  five  inner  stamens  still  remain  in  the  tube, 
rendering  it  too  narrow  for  anything  save  the  butterfly's  proboscis.  . 
As  the  outer  stamens  wither,  the  five  inner  ones  protrude  in  succes- 
sion ;  but  the  two  styles  still  lie  twisted  together  within  the  tube 
(Fig.  39,  2  and  3).  Only  after  the  stamens  have  withered,  and 
have  for  the  most  part  lost  their  anthers,  do  the  styles  elongate 
and  allow  the  stigmas  to  emerge  from  the  flower ;  the  stigmas  now 
spread  apart,  still  retaining  their  spiral  twist,  so  that  from  which- 
ever side  a  butterfly  comes  to  suck  honey  it  cannot  fail  to  touch 
some  part  of  the  stigmatic  papilla;  with  its  head. 

Pollen -seeking  insects,  if  they  only  resort  to  young  flowers 
whose  anthers  still  have  pollen,  cannot  act  as  fertilisers  ;  but  they 
may  do  so  if  they  alight,  as  flies  often  do,  upon  older  flowers  with 
mature  stigmas,  in  which  case  they  fly  away  again  disappointed. 

Self-fertilisation  is  completely  prevented  by  the  well-marked 
dichogamy. 

As  normal  fertilisers  of  Sianthus  deltoides,  I  have  only  observed 
Pieri»  rapw,  L.,  and  Satyrus  Janira,  L.,  but  these  I  have  noted 
repeatedly.  Several  Syrpkidm,  viz.,  Rhingia  rostratay  L.,  MeU- 
thrcptus  scriptus,  L.,  M.  pictas,  Mgn.,  and  Helophilus  pendulus,  L., 
resort  to  the  flower  for  the  sake  of  pollen.  I  once  noticed  Wiingia 
rostrata  make  a  vain  attempt  to  rejich  the  honey ;  it  plunged  its 
proboscis  with  a  great  eflbrt  into  four  flowers  successively,  but 
as  its  proboscis  is  only  11  mm.  long  it  never  reached  the  honey; 
in  a  short  time  it  resigned  the  attempt,  and  betook  itself  to  eating 
pollen. 

53.  DiANTHUS  CAETUUSIANORUM,  L.,  has  the  same  floral  mech- 
anism aa  the  preceding  species.  In  Thuriugia  I  have  observed 
numerous  visitors  upon  its  flowers,  consisting  almost  solely  of 
Lepidoptera. 

(a)  Rhopalocera:  (1)  Colias  h^le,   L.,   frequent  ;  (2)  Rhoditrcra  rhamni, 
■ry   ab.  ;    (3)    Polyomniatus    PIiIiehb,    L.  ;  ;(4)    Hvs|irriii,  rrer|iieiil ;    (A) 
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Sphingei :  (5)  Mocrogloasa  BtellstaruiQ,  L.  ;  (6)  Zygsna  camiolica,  Scop.  ; 
(c)  Noelutr  ;  (7)  Flusia  gamma,  L.,  sb. — The  only  other  inBect  that  I  have 
found  oa  the  flowers  was  a  Binall  Halietui,  cp.  (Sept.  I87I).  See  al«o  No. 
S9o,n. 

54.  DlAHTHUS  CHINENSIS,  L. — I  have  Been  flowers  in  my 
garden  repeatedly  visited  by  Noctuse :  (1)  Flueia  gamma,  L. ; 
(2)  AffTvtis  pronuba,  L. ;  and  (3)  Brotolamia  ^neticulosa,  L. 

Speciea  of  Dianthua  which  I  have  observed  on  the  Alps 
(i>,  super&ua,  L.,  D.  gilvestris,  Wulf.,  and  D.  airortAens,  All.),  are, 
like  the  three  preceding  speciea,  distinctly  proterandrous,  and 
visited  by  diurnal  Lepidoptera  {609). 

As  in  the  proterandrous  Alaineie,  gynodioecism  seems  to  be 
widesp'ead   in  the  genus  IHanthus.     It  occurs   in  D.   superhus. 


D.  carthtmanonim,  and  D.  deiioidea,  and  the  last  of  these  shows 
all  gradations  between  hermaphrodite,  gynomonoecious,  and  gyno- 
dioecious  flowers  (607). 

55.  GrPSOPHlLA  PAUlcnLATA,  L. — Although  the  corolla,  when 
fully  expanded,  is  barely  4  to  5  mm.  in  diameter,  the  many 
hundreds  of  flowers  borne  at  once  by  a  single  plant,  and  the 
abundant  and  easily  accessible  honey  and  pollen,  attract  numerous 
insects.     The  power  of  self-fertilisation  has  been  entirely  lost. 

The  honey  lies  between  the  ovary  and  a  green  fleshy  ring  at 
the  base  of  the  ten  stamens ;  the  cup  at  the  bottom  of  which 
it  lies  is  2i  mm.  deep,  and  about  the  same  in  width  at  the 
entrance.  The  honey  is  therefore  accessible  to  short-lipped 
inaecte.     First  the  five  outer  stamens,  which  alternate  with  the 
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petals,  and  afterwards  the  inner  five,  ripen  and  protrude  from 
the  flower  with  an  indination  outwards.  They  wither,  curving 
outwards  and  downwards,  and  tlien  the  two  short  styles,  hitherto 
bent  inwards,  elongate  and  protrude  from  the  flower,  diverging 
from  one  another. 

ViBitors;  A.  Diptera— (a)  Tubanidm :  (1)  Chrvsopa  cfficutietiB,  L.,  g.  j 
{h)  Sffrphidcc !  (2)  Erislnlis  teneUB,  L.  ;  (3)  E.  nemorum,  L.  ;  (4)  E.  arbua- 
torum,  L.,  all  three  tib.,  f.  antl  f.p.  ;  (5)  Syritta  pipiena,  L,  very  ab.  : 
(B)  Asc-ia  podi^triciS  !■'■  :  U)  SyrphiiB  balteatug,  Deg.  ;  (8)  Melithreptiu 
pictua,  Mgn.  ;  (9)  M-  treniatns,  M^Ti.,  all  b.  or  f.p,  ;  (c)  Jfuncirfte  .■  (10)  Pyrellia 
cadaverina,  L.  ;  (11)  Oiiesia  floralts,  Hob.  Deav.  j  (12)  Siircophaga  carnoriB, 
L. ;  (13)  Lucilia  silvamm,  Mgn.,  all  s.  i  (14)  Anthomyia  sp. ;  (15)  SepBk. 
B.  Hymunoptera— («)  EvanOdie  :  (IB)  Foenus  jaciilator,  F.  ;  (&)  Formicida  : 
(17)  several  upecies  ;  (c)  Sphegida :  (18)  Oiybelus  unigluniis,  L.  ;  (rf)  Vetpidm  .- 
(19)  0<lyneruB  eimplex,  F.  ;  (20)  0.  parietum,  L.,— all  the  Hymenoptera  a. 

Gypsophila  repens,  L.,  wlien  flowering  on  sunny  slopes  of  the 
Alps  where  insects  are  plentiful,  is  so  distinctly  proterandroiia 
that  spontaneous  self-ferti ligation  is  impossible.  In  less  favourable 
localities  it  fertilises  itself  when  not  visited  by  insects  (609). 

Bapmiaria  ocymoidts,  L.,  is  distinctly  proterandrous,  and  is 
frequented  by  butterflies.  It  clothes  sunny  gravelly  slopes  in 
the  8ub-alpiue  region  with  its  handsome  red  flowers.  I  saw  it 
visited  by  thirty-three  species  of  Lepidoptera,  twenty-eight  of 
which  were  butterflies,  besides  some  humble-bees  and  Bombyiidas, 

Saponaria  vaccaria,  L.,  is  also  fertilised  by  butterflies  (S90, 11.). 


56.  Saponaria  officinalis,  L. — This   species  is  adapted  for  I 

nocturnal  Lepidoptera,  as  the  foregoing  species  of  Saponaria  and   , 
Dianthus  are  for  the  diurnal  forms.     The  bright  colour  and  elegant  | 
markings  which  attract  butterflies  are  absent:  the  flowers  are  of  | 
one  colour,  and  their  scent  is  strongest  in  the  evening.     As  in  the  I 
other  species,  the  honey  lies  hidden  in  the  base  of  a  long  narrow 
tube.     The  calyx-tube  is  18  to  21mm.  long,  but  the  claws  of  the 
petals  stand  a  few  millimetres  higher.     The  flowers  are  markedly 
proterandrouB.     First,  the  five  outer  stamens  protrude  a  few  milli- 
metres from  the  flower,  and  dehisce  immediately  over  its  entrance ; 
afterwards  they  spread  apart  and  leave  the  entrance  free.     The  five 
inner  stamens  now  follow  the  same  course,  turning,  as  the  others 
did,  the   pollen-covered   surface  of   their  anthers  upwards.     The 
styles   are  still  inclosed  within   the  tube,  and  are  only  slightly 
separated  at  their  apices.     When  the  inner  stamens  have  withered, 
the  two  styles  grow  up  out  of  the  flower,  and  spread  apart,  turning 
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their  papillar  inner  surfaces  upwards.  The  honey  is  secreted  as  in 
Dianth/us,  I  omitted  to  watch  the  flowers  in  their  season,  and  can 
only  mention  Sphinx  ligttstri,  L.,  as  a  fertiliser;  it  visited  the 
flowers  of  this  plant  in  my  garden  one  evening  during  slight  rain, 
and  sucked  them  with  the  usual  rapidity  of  the  hawk-moths.  I 
have  also  found  HalictiLS  morio,  F.  y,  collecting  pollen  on  the 
flowers  (July  13, 1869). 

Silene  rupestris,  L.,  is  proterandrous,  and  is  visited  by  numerous 
insects.  It  inhabits  the  same  localities  as  Gypsophila  repens, 
and  secretes  and  conceals  its  honey  in  the  same  way  as  that 
species.  Its  flowers  are  equally  conspicuous,  but  stand  some- 
what isolated  on  sparingly  branched  stalks;  owing  probably  to 
this  circumstance,  the  power  of  self-fertilisation  has  not  been 
entirely  lost  (609). 

BUene  acaulis,  L.,  ascends  in  the  higher  Alps  to  a  height  of 
over  10,000  feet.  Its  low  tufts  closely  studded  with  pink  or 
carmine  flowers  attract  so  many  butterflies  that  as  a  rule  the  plant 
has  been  able  to  dispense  with  the  power  of  self-fertilisation. 
Most  tufts  are  exclusively  staminate  or  pistillate,  and  only  rarely 
hermaphrodite  and  proterandrous.  The  latter  in  case  of  need  fer- 
tilise themselves.  I  have  observed  eighteen  species  of  butterflies 
on  this  flower  (609). 

As  Silene  acaulis  is  adapted  for  diurnal  Lepidoptera,  so  S,  inflata, 
Sm.y  and  S.  nutans,  L.,  are  adapted  for  the  nocturnal  forms.  I 
found  both  on  the  Alps,  visited  in  the  evening  by  Noctuidae,  and 
in  the  daytime  by  humble-bees.  Silene  nutans,  L.,  is  markedly 
proterandrous.  According  to  Kemer,  each  flower  opens  upon 
three  successive  nights,  on  which  the  outer  stamens,  the  inner 
stamens,  and  the  stigmas  are  exserted  respectively.  According  to 
Ricca  (665),  the  flowers  are  sometimes  diclinous  by  incomplete 
development  of  the  stamens,  that  is  to  say,  gynodicRcious.  Silene 
injlata.  L.,  is  trioecious  and  polygamous,  like  S.  acaulis. 

Lychnis  flos-Javis,  L.,  is  distinctly  proterandrous ;  Z.  rubra, 
Weigel,  is  trioecious  and  polygamous.  Both  have  bright  red 
flowers,  and  are  greatly  frequented  by  butterflies  on  the  Alps  (609). 

Lychnis  Viscaruif  L.,  is  also  adapted  for  cross-fertilisation  by 
butterflies  (590, 11.). 

Lychnis  aipina,  L. — The  proterandrous  flowers  are  figured  and 
described  by  Axell  (17). 

57.  Lychnis  flos-cuculi,  I. — In  regard  to  the  position  of 
the    honey,   the  flowers  of  this  plant   are  intermediate   between 
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those  of  StiUaria,  Ccrostinm,  and  Gypsophilo.  jKiniculnla,  where 
the  honey  ia  fully  exposed,  and  Dianihi's  and  Supemjiria-,  where 
it  is  only  accessible  to  Lepidoptera.  The  insect- visitors  include 
bees,  Lepidoptera.  and  some  long-tongued  flies.  The  nectaries, 
which  lie  at  the  hase  of  the  stamens,  cohere  into  a  fleshy 
ring  surrounding  the  ovary.  The  calyx  tube  ia  G  to  7  mm.  long, 
and  bears  teeth  3  mm.  long,  which  stand  erect  and  support 
the  claws  of  the  petals.  Tlie  honey  is  thus  accesaible  to  insects 
which  have  a  proboscis  9  to  10  mm.  long;  or  whicli,  with  a  pro- 
boscis at  least  6  mm.  long,  have  strength  enough  to  push  apart 
the  clawa  of  the  petals,  above  the  level  of  the  calyx-tube ;  or, 
finally,  to  insects  small  enough  to  creep  down  the  tube. 

The  flowers  are  distinctly  proterandrous.  Firat,  the  five  outer 
anthers  dehisce,  while  standing  in  the  entrance  of  the  flower  and 
having  their  pollen-covered  sides  turned  towards  one  another.  The 
tube,  though  it  permits  a  butterfly's  proboscis  to  pass  easily  down, 
is  so  much  obstructed  by  the'anthers  that  the  proboscis  cannot  fail 
to  be  dusted  with  pollen.  These  stamens  then  elongate,  and  bend 
outwards  to  lie  in  the  intervals  between  the  petals,  while  the  inner 
whorls  take  their  place  in  the  entrance  of  the  flower.  When  tliese 
wither,  the  five  styles  grow  up.  and  the  stigmatic  papillae,  which 
clothe  the  whole  of  their  inner  surfaces,  attain  their  full  develop- 
ment. The  styles  reach  to  the  entrance  of  the  flower,  and  their 
ends  make  li  to  2  spiral  turns,  ao  that  an  insect  cannot  fail  to 
touch  some  part  of  the  stigmatic  surfaces  with  its  proboscis  in 
thrusting  it  down  into  the  flower. 

The  flowers  are  chiefly  visited  for  the  sake  oi  their  honey;  I 
have  only  seen  the  hive-bee  collecting  pollen,  and  two  species 
of  Syrphid^  feeding  on  it. 

Viflitore  :  A.  Hym emiptera— Jpirfn-  .■  (1)  Bombus  RnjellHS,  HI.  ?  (12  to  13) ; 
(2)  B.  lapidariua,  L.  2  9  (lOto  14}  ;  (3)  B.  agronim,  F.'  5  (IS  to  15) ;  (4)  B. 
teirestriis  L.  ?  (7  tfl  9)  ;  (6)  Apis  mellifica,  L.  9  (6),  ah.,  s.  and  c.p.  ;  (6)  Osmia 
nifa,  L.  9  (9) ;  (7)  Andrena  nitiria,  K,  ?  (3  to  4),  tliey  sought  in  ynin  for  honey  in 
neveral  flowPin.  B.  Lepidoptem — (o)  Rhopahicera :  (8)  Pieris  brasaico!,  L. 
(15)  ;  (9)  P.  rapas,  L„  botli  nb.  ;  (10)  Lytrena  IcnniB,  Rott.  ;  (6)  Sphingtt: 
(11)  Macroglosaa  fuciformiR,  L.  ;  (12)  Ino  slaticci',  L.  ;  (r)  Noetva :  (13) 
Eudirlia  glyphicn,  L.,  very  aU  0,  Diptpra— S;/rpAirfip .-  (14)  BhinRiaroBtrata, 
L.  (11  til  12),  fl.  !  (15)  Voliicella  pluniHta,  L.,  f.p.  ;  (16)  Syrphiin  pyraatri, 
L.,  f.p. 

I  have  observed  the  stamens  of  L.  Hos-ntcwH  dusted  with 
butterflies'  scales,  and  a  Picrin  rapfc  which  I  caught  upon  the 
flower  had  a  number  of  its  poUen-graina  among  the  hairs  and 
scales  on  the  forepart  of  its  head. 
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58.  Lychnis  vespertina,  Sibth.  (L.dioica,  y3,L.).— The  structure 
of  the  flower  has  been  thoroughly  explained  by  Sprengel.  Honey 
is  secreted  by  the  lower,  fleshy  part  of  the  (developed  or  abortive) 
ovary,  and  lies  at  a  depth  of  20  to  25  mm.  in  fertile  or  pistillate 
flowers,  and  of  15  to  18  mm.  in  barren  or  staminate  ones.  Both 
kinds  of  flowers  are  much  constricted  near  their  upper  end  by  the 
calyx,  and  can  only  be  forced  open  a  little  at  the  very  brim  by  an 
insect's  head  ;  a  thin  proboscis  at  least  15  to  20  mm.  long  is  needed 
to  reach  the  honey.  The  pure  white  flowers,  which  have  no 
guiding  marks,  expand  in  the  evening,  though  they  are  not 
completely  shut  by  day.  These  characters  taken  together  exclude 
diurnal  insects  except  such  as  come  seeking  pollen,  and  make  the 
flowers  so  much  the  more  attractive  to  crepuscular  and  nocturnal 
Lepidoptera.  According  to  Delpino  (178,  p.  161),  the  anthers  ripen 
two  by  two,  a  fact  which  I  have  not  observed.  A  further  remark  of 
Delpino's,  that  the  flowers  stand  horizontally,  and  let  the  stamens 
emerge  at  their  highest  part,  does  not  at  all  hold  good  of  the 
specimens  in  my  neighbourhood,  which  have  an  almost  perpen- 
dicular position,  as  Sprengel  figures  them. 

I  have  repeatedly  seen  Sphinx  porcellus,  L.,  visiting  and  cross- 
fertilising  the  flower. 

59.  Lychnis  Githago,  L.,  is,  like  Dianthvs,  adapted  for  fer- 
tilisation by  butterflies,  and  resembles  Dianthus  in  regard  to  its 
nectaries,  the  position  of  its  honey,  its  proterandrous  dichogamy, 
and  the  order  of  development  of  its  anthers  (702,  p.  254), 

Visitors  :  A.  Lepidoptera — Rhopalocera :  (1)  Hesperia  silvanus,  Esp.,8.  ;  (2) 
Pieris  brassicae,  L.,  s.,  very  ab.  B.  Diptera — Syrphidce  :  (3)  Rhingia  rostrata,  L., 
I  saw  it  insert  its  proboscis  repeatedly,  seeking  in  vain  for  honey.  See  also 
No.  590,  II. 

The  species  of  Silene  and  Lychnis  have  a  relation,  according  to 
Dr.  Buchanan  White,  to  species  of  DianthcRcia  {Noctuvim)  like  that 
which  exists  between  Yucca  and  the  Yucca-tooth.  The  species  of 
DiaiUhoecia  fertilise  Silene  and  Lychnis,  and  thereby  make  provision 
for  their  larvae,  which  feed  exclusively  on  the  unripe  seeds  of  these 
plants.  But  Silene  and  Lychnis  have  many  other  insect-fertilisers 
besides  (773). 

Ord.  CARYOPHYLLEJi:;  b.  ALSINEJU. 

60.  Cerastium  arvense,  L.— The  flowers  resemble  those  of 
S.  Holostea  in  the  position  of  their  nectaries,  in  the  order  of  develop- 
ment of  the  two  staminal  whorls  and  the  stigmas,  and  hence  also 
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I  the  likelihood  of  cross-fertilisation  in  case  of  insect- visits,  and 
f  fielf-fertlhsatiou   iu    their    absence.       They    are   equally   con- 
spicuous, and  are  visited  to  about   the  same  extent. 

VisitorB  :  A.  Diptera— (u)  StraHomyitla  :  (1)  Stratiomya  sp.,  h.  (6)  Emptda: 
(2)  Empia  opoc^l,  F.  ;  (3)  E.  rortica,  Fallen,  botli  very  ab..  s.  ;  (c)  Leptida: 
(4)  Leptie  strigoaa,  Mgn.,  b.  ;  {(f)  Syrphiifa: :  (5)  Eriatalia  nemorum,  L.  ;  (6)  E. 
nrljimtorum,  L,  ;  (7)  E.  wpulciulie,  L.  ;  (8)  Syrilta  pipiens,  L.,  all  four  ab., 
H.  ;  (9)  Platycheirua  maiiicatua,  Mgu.,  iib.,  b.  ;  (10)  SyrphuB,  sp.,  s.  j  (11) 
H*iianostamu  nicllina,  L.,  a. ;  (e)  Mtiiddm:  (12)  Sep»i9  ;  (13)  Anthumyia  letiva,  ' 
Mgn,,  a.  B.  Hymenoptent — Api'da :  (14)  Andrena  argentata,  Sm.  5 ,  a.  j  (15) 
A.  albicans,  K.  ? ,  b.  ;  (16)  HalictUB,  ?  (the  size  of  H.  nitidiiiwiuliiB)  s.  C.  Cola- 
opUTa—Slaphi/tinida!;  (17)  Omalium  florale,  Pk.  D.  Thysanoptera :  (18) 
Thripa,  frequent  in  the  base  of  the  flower.  E.  Lepidoptera— (19)  Polyom- 
B  Phltcas,  I,.,  H.     See  also  No.  590,  11.,  and  No.  609. 


61.  Cerastium  triviale.  Link,  has  smaller  flowers  and  fewer 
insect-visitors  ;  accordingly  it  is  less  markedly  proterandroua  than 
C.  aTven»;.  It  produces  seed  by  self-fertilisation  in  the  absence  of 
insects  (Axell,  17). 


(1)    Syritta   pipiens,    L.,  a.   and  f.p.  ; 


Tiaitorg  :   Diptera— (a)    Syrphidm  : 
(6)  Bmpida:  (2)  Empia  lividu,  L.,  s. 

62.  Cerastium  bemidecandkum,  L.,  has  still  smaller  flowera 
and  is  still  less  frequently  visited  than  the  preceding  species ;  it  is 
still  less  distinctly  proterandrous,  and  fertilises  itself  regularly  ia 
absence  of  insects. 

As  in  Stdlaria  media,  the  inner  honeyless  stamens  are  usually 
abortive,  but  remains  of  their  filaments,  sometimes  attaining  half 
the  length  of  the  outer  stamens,  frequently  remain.  When  the 
anthers  dehisce,  they  occupy  the  middle  of  the  flower,  and  the 
stigmas  still  lie  close  together,  though  their  tips  are  bent  outwards 
receive  pollen.  Later,  the  anthers  pass  outwards,  the 
stigmas   lengthen   slightly  and  spread   out,   turning   their  inner 
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surfaces,  which  are  covered  with  long  papillae,  upwards.  An  insect 
visiting  a  young  flower  dusts  itself  with  pollen,  and  also  applies 
pollen  from  the  same  or  from  another  flower  to  the  tips  of  the 
stigmas;  in  an  older  flower  it  is  likely  to  dust  the  outspread 
stigmas  with  pollen  from  another  flower  ;  in  the  absence  of  insects 
the  stigmas  as  they  curve  outwards  come  in  contact  with  the 
anthers  still  covered  with  pollen. 

Visitors:  A  Diptera — (a)  Syrphidce:  (1)  Rhingia  rostrata,  L.,  p.  (May 
10,  1870)  ;  {h)  Muacxda  :  (2)  PoUenia  vespUlo,  F.  ;  (3)  P.  rudie,  F.,  both 
8.  and  inserting  the  proboscis  three  to  five  times  in  each  flower  (April  17,  1871). 
B.  Hymenoptera — Apidce :  (4)  Apis  mellifica,  L.  9 , — I  saw  (April  3,  1871) 
the  honey-bee  in  great  numbers  flying  over  a  bare  field  of  C.  semidecandrum^ 
sucking  the  tiny  flowers  by  dipping  its  proboscis  once  into  each. 

Cerastium  viscosum,  L.,  has  cleistogamic  flowers  (40). 

63.  Malachium  aquaticum.  Fries. — The  flowers  of  this  plant 
are  more  conspicuous  than  those  of  Cerastium  triviale  and  C.  semi- 
d^candrum,  hut  less  so  than  those  of  C,  arvense  and  Stellaria 
Holostea  ;  in  the  same  intermediate  position  stands  the  amount  of 
its  insect-visits  and  its  floral  arrangement,  which  favours  both  cross- 
and  self-fertilisation.  The  flower  is  proterandrous,  and  in  absence 
of  insects  the  ends  of  its  outspread  stigmas  come  in  contact  with 
the  pollen-covered  anthers.  The  styles  vary  in  number  from  three 
to  five,  the  latter  number  being  most  frequent,  so  that  Malachium 
here  probably  resembles  the  common  ancestors  of  Cerastium  and 
Stellaria. 

Visitors  :  A.  Diptera — (a)  Syrphidce:  (1)  Helophilus  lineatus,  F.;  (2)  Eristalis 
arbustorum,  L.  ;  (3)  Syritta  pipiens,  L. ;  (4)  Ascia  podagrica,  F.,  all  ab.,  s. ; 
(b)  Muicidce :  (5)  Anthomyia  sp.,  b.  B.  Coleoptera — NitidulidcE :  (6)  Meli- 
gethes,  ab.,  Lh.  C.  Thysanoptera :  (7)  Thrips,  very  freq.  D.  Hymenoptera 
— ApidcR :  (8)  Prosopis  communis,  NyL  9,8.;  (9)  Pr.  hyalinata,  Sm.  ? ,  s,  ; 
(10)  Halictus  sexnotatus,  K.  (^,  s. 

64.  Stellaria  graminea,  L. — The  necttflries  surround  the  bases 
of  the  five  outer  stamens  as  green,  fleshy  swellings.  The  flowers 
exhibit  three  stages,  which,  however,  merge  one  into  another.  In 
the  first  period,  the  five  outer  stamens  curve  in  towards  the  middle 
of  the  flower,  and  their  anthers  dehisce  widely,  covering  them- 
selves all  round  with  pollen ;  the  inner  stamens  are  meanwhile 
bent  outwards,  and  their  anthers  are  still  closed.  The  styles  are 
not  yet  fully  developed,  and  are  curved  inwards  with  their  papillar 
Burfaces  directed  downwards.  The  five  inner  stamens  dehisce 
before  the  other  five  have  withered,  but  still  remain  bent  farther 
outwards ;  this  marks  the  second  stage.      As  these  inner  stamens 
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wither  and  shrivel  up,  the  styles  rise  up,  and  spread  outwards 
turaing  their  papiilar  surfaces  upwards,  and  curving  tlieir  ends, 
also  papiilar,  outwards  and  downwards  (third  stage).  Every  iuaect 
which  is  not  too  small,  whether  it  alights  in  the  middle  of  the 
flower  or  on  one  of  the  petals,  must,  to  reach  the  nectariea, 
come    in    contact    with    pollen    in  younger    flowers    or    with    the 


stigmalic  papUlse  in  older  ones.  In  default  of  inscct-visita,  the 
stigmas  as  they  continue  to  curve  outwards  come  in  contact  with 
the  pollen-covered  anthers.  Insect-visits  are  scarce,  aa  the  incon- 
spicuousneas  of  the  flowers  would  lead  us  to  expect.  I  have  only 
once  found  VolucelUt  homhylaiia,  h.  {SyrphidcE),  sucking  honey  on 
the  flowers. 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  135 

65.  Stellaria  Holostea,  L. — The  arrangement  of  the  flower 
resembles  that  of  S.  graminea;  but  the  flowers  are  larger  and 
more  conspicuous,  the  nectaries  are  yellow,  confined  to  the  outer 
side  of  the  outer  stamens,  provided  above  with  a  honey-secreting 
pit,  and  yielding  more  abundant  honey.  The  three  stages  are  more 
clearly  marked  off  than  in  8,  graminea.  In  the  first  stage  the  outer 
stamens,  in  the  second  the  inner  ones,  stand  close  round  the  centre 
of  the  flower,  turning  their  pollen-covered  surfaces  more  or  less 
upwards, — the  other  five  being  in  each  case  bent  out  of  the  way. 
In  the  first  period  the  stigmas  are  bent  inwards  (as  in  1,  Fig.  42), 
in  the  second  they  stand  erect  but  with  their  papillar  sides  turned 
inwards  towards  each  other,  in  the  third  they  are  spread  out  (as  in 
2,  Fig.  42),  while  the  anthers  have  mostly  fallen  off  or  remain  as 
withered  scales  attached  to  the  corolla. 

In  flowers  which  I  kept  in  my  room  however,  self-fertilisation 
often  took  place,  for  the  ends  of  the  stigmas,  as  they  spread  out- 
wards, often  came  in  contact  with  the  inner  anthers  still  bear- 
ing their  pollen,  and  moreover  pollen  often  fell  upon  other  parts  of 
the  stiginai?. 

Visitors  :  A.  Diptera — (a)  Empidai ;  (1)  Empis  tesselata,  F.  ;  (2)  E.  opaca, 
F.,  both  frequent,  s.  ;  (6)  Syrphida:  (3)  Rhingia  rostrata,  L.,  ab.,  a.  and  f.p., 
standing  on  a  petal  and  applying  the  proboscis  now  to  the  base  of  the  flower, 
now  to  the  anthers  ;  (4)  Eristalis  arbustorum,  L.,  s.  and  f.p. ;  (5)  Platycheirus 
peltatuSjMgn.,  do. ;  (6)  Syrphus  ribesii,  L.,  do.,  ab.  ;  {c)  Muscidce :  (7)  Hydro- 
tsea  dentipes,  F.,  s.  B.  Hymenoptera — (a)  Apidce :  (8)  Apis  mellifica,  L .  § , 
ab.  and  persistent,  s.  (May  27,  1871) ;  (9)  Nomada  flavoguttata,  K.  $  ; 
(10)  N.  ruficomis,  L.  9  ;  (11)  Andrena  cineraria,  L.  $  ;  (12)  A.  parvula,K.  ?, 
the  last  four  b.  ;  (13)  Halictus  cylindricus,  F.  ? ,  £p.  ;  (6)  Tenthredinidce  • 
(14)  Cephus  pallipes,  KL,  s.  C.  Colcoptera — (a)  Nitidulida:  (15)  Meli- 
j^ethes,  ab.,  s.  ;  {h)  (Edemerida :  (16)  CEdemera  virescens,  L.  (Tekl.  B.) 
D.  Liepidoptera — Rhopalocera:  (17)  Pieris  napi,  L.,  s.  E.  Thysanoptera— - 
(18)  Tlirips,  ab.     See  also  No.  590, 11. 

66.  Stellaria  media,  Vill. — The  flowers  are  less  conspicuous 
than  the  two  preceding  species,  and,  since  they  appear  at  all  times 
of  the  year  except  in  severe  frost,  they  are  for  a  great  period 
shut  out  from  insect-visits ;  they  therefore  depend  largely  on  self- 
fertilisation.  Accordingly  they  differ  considerably  in  their  arrange- 
ment from  the  former  species.  Of  the  ten  stamens,  there  arc 
almost  always  some,  usually  five  to  seven,  abortive ;  and,  on  the 
whole,  I  think  that  the  number  of  abortive  stamens  is  greater  the 
colder  the  time  of  year.  The  five  inner  stamens  are  always  reduced, 
and  often  disappear  completely  ;  the  five  outer  ones,  which  bear  the 


honey-glands  on  the  outer  side  of  their  bases,  only  show  signs  of 
abortion  when  the  inner  series  are  all  abortive ;  at  most,  two  of 
them  disappear,  but  the  corresponding  glands  always  remain. 

In  sunny  weather  so  much  honey  is  secreted  that  the  iive 
drops  are  easily  seen  by  the  naked  eye.  The  stamens,  especially 
when  their  number  has  been  reduced  to  three,  come  to  maturity  in 
slow  succession.  Immediately  after  the  flower  opens,  the  first 
anther  begins  to  dehisce,  and  the  stigmas  still  stand  erect  with  their 
papillar  sides  turned  inwards ;  but  their  tips  are  already  slightly 
outspread.  While  the  second  and  third  stamens  dehisce,  the 
stigmas  expand  fully,  and  turn  the  whole  of  their  papillar  surfaces 
upwards.  So  from  the  beginning  cross-fertilisation  and  self-ferti- 
lisation, in  the  event  of  insect- visits,  are  both  equally  likely;  in 
absence  of  insects  the  stigmas  regularly  fertilise  themselves  by 
coming  in  contact  with  the  anthers.  This  self- fertilisation  is 
undoubtedly  efficient,  for  S.  media  produces  abundant  seed  in 
winter  when  no  insects  are  about,  and  in  long-continued  rainy 
weather. 

Stdlaria  media  has  the  greatest  chance  of  cross-fertilisation  in 
early  spring,  for  before  that  time  no  insects  are  on  the  wing,  and 
afterwards  many  more  attractive  flowers  compete  with  it.  My  own 
observations  confirm  this. 

A.  Hymenoptem— -l/iiAe  .-  (1)  Andrena  Owynantt,  K.  ? ,  a.  and  c.p.  (April 
ll,IB69);(a)  A.albicoiiB,K.5,a.  (do.);  (3)  A.  dnwata,  K.J.a.  (do.) ;  (4)  A. 
pan-ula,  K.  ij ,  8.  (April  21, 18C9)  ;  (5)  A.  slbicrus,  K.  (J ,  a.  (do.)  ;  (6)  Osinin 
rufa,  L.  <J,  B.  (April  17,  1889).  B.  Diptero— (o)  Syrphlda  .■  (7)  Syritta 
pipiena,  L.,  a.  (May  27,  1870) ;  (6)  Muacida .-  (6)  Cbloropa  circumdato,  Mgn., 
diligently  a.  (March  9,  1872)  ;  (9)  Musca  corvina,  F,,  do,  ;  (10)  M.  domeatica, 
L.,  do.  C.  ThyBanoptera^(ll)  Thripa,  duattd  with  pollen,  creeping  iu  and 
out  of  the  flower  (April  30, 1868),     See  aleo  No.  590,  n. 

Siellaria  eerasioides,  L.,  is  bomogamous  rmd  is  visited  by 
Diptera.    It  fertilises  itself  in  case  of  need  (609). 

67.  Arenahia  {M(ebbingia)  trinervia,  L.— At  the  base  of 
the  expanded  flower,  on  the  outer  side  of  the  base  of  each  outer 
stamen,  we  see  a  rather  large  drop  of  honyy.  The  fleshy  swellings 
at  the  bases  of  these  stamens,  which  act  as  honey-glands,  are  so 
strongly  developed  and  extend  so  far  on  either  side,  that  they 
coalesce,  and  the  five  together  form  a  ring  round  the  ovary  j  from 
this  ring  the  five  inner  stamens  (which  alternate  with  the  others, 
and  stand  opposite  to  the  petals)  seem  to  spring. 

When  tlie  flower  opens,  the  stigmas  are  already  separated  and 
turn  their  rough  papillar  surface  upwards,  while  the  anthers  remain 


PART  III.]  THE  MECHAKISMS  OF  FLOWEEIS.  137 

closed.  In  the  second  stage,  the  anthers  of  the  outer  and  longer 
stamens  dehisce ;  in  the  third  stage  those  of  the  inner  and  shorter 
stamens,  the  stigmas  still  remaining  fresh.  The  flowers  are  thus 
proterogynous  with  long-lived  stigmas.  Cross-fertilisation  is  likely 
to  occur  not  only  in  the  first  stage,  but  also  in  the  later  stages,  since 
an  insect  on  alighting  will  probably  touch  the  stigmas  before  the 
stamens. 

In  several  cases  I  have  found  the  outer  stamens  so  much 
aborted  as  to  be  scarcely  half  the  length  of  the  inner  series,  and 
bearing  tiny  shrunken  anthers  devoid  of  pollen.  Here  apparently 
the  time  between  the  ripening  of  the  stigmas  and  that  of  the 
stamens  was  lengthened,  and  hence  the  chance  of  cross-fertilisation 
increased.  In  default  of  insect-visits,  self-fertilisation  is  attained  by 
the  stamens  (both  outer  and  inner)  bending  inwards,  still  covered 
with  pollen,  and  coming  in  close  contact  with  the  stigmas. 

I  found  a  small  beetle,  Olibris  ajinis,  Sturm,  one  of  the  P/ialacridcB, 
licking  honey  on  this  flower. 

Arenaria  (Moshrinffia)  muscosa,  L.,  is  fertilised  by  Sr/rphidce 

(609). 

Honkeneja  (Amrnodenia)  pqploides,  Ehrh.,  is  polygamous  (Warm- 
ing, 762). 

Sagina  nodosa,  E.  Meyer,  is  proterandrous  (17,  38)  and  visited 

by  Anthrax  (609). 

The  following  additional  species   are   discussed   in  my  Alpen- 

blumen: — Arenaria  hifiora,  L.;  Alsine  recurva,  Whlnb.;  A.  vema, 

Bartling;     Cherkria    sedoides,    L. ;    Cerastitcm    alpinum,   L.,    C, 

laiifoliuniy  L. 


REVIEW  OF  THE  ALSINEiE. 

The  foregoing  AIsinesB  are  all  more  or  less  dichogamous,  and  are 
mostly  proterandrous  in  various  degrees,  Arenaria  Trinervia  being 
proterogynous.  Dichogamy  is  the  more  marked  the  more  con- 
spicuous the  flowers,  and  the  more  abundant  the  visits  of  insects. 
Self-fertilisation  is  totally  excluded  in  none  of  the  above-mentioned 
forms,  and  is  the  better  insured,  the  more  inconspicuous  the  flowers 
are,  and  the  more  scanty  the  insect-visits  either  from  that  cause  or 
on  account  of  the  unfavourable  time  of  year.  The  insect- visitors  are 
very  various,  on  account  of  the  accessible  position  of  the  honey,  but 
consist  chiefly  of  flies  and  the  less  specialised  bees. 

Most  of  the  above  remarks  hold  good  also  for  the  species  which 


I  have  observed  on  the  Alps.  Aisinevertia,  Jacq,,  Gherleria  sedoides, 
L.,  and  Mcehringta  muscosa,  L.,  are  so  markedly  proterandrous,  that 
spontaneous  self-fertilisation  can  only  rarely  and  exceptionally  take 
place  in  thera.  Arenaria  bijtora,  L.,  and  Cerasliiim  lati/olium,  L,, 
also  ripen  their  anthers  before  their  stigmas,  but,  in  defanlt  of 
insect-visits,  fertilise  themselves. 

I  found  Stellaria  ccrastoides,  L.,  to  be  bomogamous,  in  which 
respect  it  stands  alone  among  the  higher  Alpine  Alsinea;. 

As  bees  are  scarce  in  the  higher  regions  of  the  Alps,  Diptera 
take  thoir  place  as  cross-fertilisers  of  the  Alsinene  more  than  in  the 
lower  grounds,  and  were  alone  observed  on  several  of  the  above- 
mentioned  species  (6og). 

Dr.  T.  Ludwig  of  Greiz  has  recently  made  the  interesting 
discovery  that  moat  if  not  all  of  the  distinctly  proterandrous 
Alsinea;  are  also  gynodicecious  ;  and  that  the  plants  with  small  and 
purely  pistillate  flowers  are  chiefly  in  bloom  at  the  beginning  of  the 
flowering-period  of  the  large -flowered  honnaphrodite  plants.  So 
these  subsidiary  pistillate  plants  make  iip  for  the  preponder- 
ance of  the  staminate  condition  in  the  hermaphrodite  flowers  at 
that  time  (436,  427). 


40). 


Can.  VAUYOPHYLLE-E;  c.  POLYVARHE.E- 
Polyatrpon  tetraphyUum,  L.,  has  clcistogamic  flowers  (Batalin 


REVIEW    OF   THE    CARYOPHYLLEyE. 

The  CaryophylleiB  exhibit  an  interesting  series  of  gradations 
in  the  concealment  of  their  honey,  while  the  anthers  remain 
throughout  fully  exposed ;  a  comparison  of  their  insect-visitors  will 
thus  show  what  effect  differences  in  the  situation  of  the 
honey  produce. 

The  flowers  of  Alsintm,  and  the  short  and  wide  flowers  of 
Gypsophiia  patiiculatii,  which  all  expose  their  honey  freely,  are 
chiefly  frequented  by  flies  and  by  a  few  beetles  and  other  ahort- 
lipped  insects;  when  visited  by  bees,  it  is  eitlier  by  the  least 
specialised  forms  {Prosopis,  Haltdm,  Atidrenn)  or  by  the  most 
specialised  and  most  diligent  (Apis).  Lychnis  Jtos-cuculi,  whose 
honey  is  hidden  9  to  10  mm.  deep,  and  beyond  the  reach  of  short- 
lipped  insects,  is  almost  exclusively  visited  by  highly  specialised 
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bees  and  by  Lepidopiera,  one  drone-fly,  Rhingia,  coming  also  to 
share  the  honey.  The  benefit  which  results  from  and  has  brought 
about  the  lengthening  of  the  tube  in  Lychnis  Jios-cuculi  lies  in  the 
fact  that,  by  excluding  short-lipped  insects  from  the  honey,  a  larger 
number  of  insects  with  long  proboscides  are  tempted  to  come,  and 
these,  requiring  more  food,  are  more  diligent  in  their  visits  and  in 
their  work  as  cross-fertilisers.  That  the  exserted  anthers  can  be 
robbed  by  pollen-eating  flies  and  pollen-collecting  bees  is  scarcely 
a  disadvantage ;  for  the  pollen  is  seldom  completely  removed,  and 
these  pollen-seeking  insects  act  as  subordinate  fertilisers. 

When  the  passage  to  the  honey  is  still  further  lengthened  and 
narrowed,  as  in  the  species  of  DiarUhus,  Saponaria,  and  Lychnis, 
even  bees  are  excluded  and  Lepidoptera  only  can  gain  access.  For 
this  result  to  be  advantageous  we  must  suppose  that  the  visits  of 
Lepidoptera  are  the  better  insured  by  exclusion  of  other  insects. 
Exposure  of  the  anthers  is  as  little  injurious  here  as  in  Lychnis 
floS'Cuculi,  As  the  honey  gets  more  deeply  concealed,  and  access 
more  strictly  limited  to  butterflies,  we  find  pari  passu  among  the 
Caryophylleod  increasing  development  of  sweet  scents,  bright  red 
colours,  fine  markings  round  the  entrance  of  the  flower,  and 
indentations  at  the  circumference.  All  these  characters,  which  are 
so  attractive  to  us,  seem  to  have  been  produced  by  the  similar 
tastes  of  butterflies. 

Ord.  HYPERICACEjE. 

68.  Hypericum  perforatqm,  L. — The  flowers,  from  their  size 
and  bright  colour,  and  from  numerous  plants  being  usually 
associated  together,  are  very  conspicuous,  and  attract  many  insects 
seeking  both  honey  and  pollen ;  they  however  contain  no  honey, 
and  possess  no  contrivances  to  insure  cross-fertilisation.  The 
large  production  of  pollen,  and  the  capability  for  self-fertilisa- 
tion compensate  in  part  for  these  disadvantages.  The  numerous 
stamens,  usually  over  eighty  in  number,  radiate  from  the  bottom 
of  the  flower  in  three  groups,  which  are  united  at  the  base ;  the 
anthers  are  directed  upwards  and  dehisce  in  rather  quick 
centrifugal  succession,  covering  themselves  with  pollen.  The 
three  styles  also  radiate  outwards,  so  that  their  terminal  stigmas, 
which  are  developed  simultaneously  with  the  anthers,  come 
to  stand  on  a  level  with  the  anthers  in  the  intervals  between 
the  groups  of  stamens.  Since  these  staminal  bundles  usually 
touch    one   another,   and   sometimes    interlock   slightly   at    their 
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them  increase  the  chance  of  cross-fertilisation ;  rendering  it  likely 
in  spite  of  the  great  number  of  anthers,  that  an  insect  on  alighting 
will  touch  a  stigma  first,  though  self-fertilisation  ia  also  very 
probable.  In  all,  self-fertilisation  occurs  in  default  of  insect- 
visits,  and  is  without  doubt  the  usunl  mode  of  reproduction  in 
the  less  conspicuous  forms. 

Cratoxylon  formoxit7iL  has  dimorphic  flowers  (167.  213), 

Ord.   AfAHCaiiAVrACB^. 

In  this  order  bracts  secrete  honey  and  make  tlie  flower 
conspicuous  by  their  bright  colours.  They  have  acconlingly 
the  most  various  forms  (spurs,  spathes,  etc.),  and  are  of  as  much 
importance  to  the  plant  aa  petals  usually  are,  Delpino  bases  a 
new  subdivision  of  the  order  upon  the  modifications  of  the  bracts. 
The  flowers  are  proterandrous. 

In  Marcgravia  neptnthoid^s  there  occurs  beneath  a  wreath  of 
pendulous  flowers  a  group  of  honey- secreting  cups.  They  attract 
insects,  which  in  turn  attract  iusectivorous  birds,  and  these,  while 
feeding  on  the  insects  sitting  upon  the  nectar-cups,  touch  and 
cross- fertilise  the  flowers  above  (56). 

Aa  interesting  paper  on  Marcgraviacese  and  their  Nectaries, 
with  fine  figures,  was  contributed  by  Ludwig  Wittmack  to 
Kosnwa,  vol.  v.,  1879  (784.) 

Ord.  MALVACE^. 

Malva  silvestrir,  L.,  and  M.  BOTUNDIFOLIA,  L. — These 
species  often  occur  together,  and  flower  side  by  side  for  months 
at  a  time.  In  the  struggle  for  existence,  M.  rotnndi/olia.  has  the 
advantage  in  being  content  witli  poorer  soil,  in  the  appearance  of 
its  flowers  from  one  to  several  weeks  earlier,  and  in  the  possibility 
of  regular  self- fertilisation ;  M.  lihcsiris,  on  the  other  hand,  in 
its  more  vigorous  growtli,  and  much  greater  attractions  for 
insects.  Tliese  advantages  seem  to  balance  one  another,  for, 
about  Lippstadt  at  least,  both  specie.s  grow  together  in  equal 
abundance. 

In  both  species,  a  pyramidal  group  of  anthers  occupies  the 
middle  of  the  young  flower,  and  surrounds  the  stigmas  which  are 
still  unripe  and  folded  together ;  later  on,  the  stigmas  become 
exserted  and  radiate  outwards.  Honey  is  secreted  in  five  pita 
between  the  bases  of  the  petals,  and  protected  by  hairs,  and  insects 
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seeking  it  mutt  wipe  off  pollen  from  the  anthers  in  young  flowers 
and  apply  it  to  the  stigmas  in  older  ones.  In  Mcdva  silvestris, 
which  attracts  insects  by  the  larger  size  and  brighter  colour  of 
its  flowers,  and  receives  very  numerous  visits,  the  ends  of  the 
filaments,  before  the  stigmas  are  mature,  curl  outwards  so  far 
that  spontaneous  self-fertilisation  is  impossible.  M.  rotundi/olia^ 
whose  much  smaller  and  paler  flowers  attract  few  insects,  regu- 
larly fertilises  itself  in  default  of  insect-visits,  for  its  anthers 
remain  extended  in  such  a  position  as  to  be  touched  by  the 
papillate  sides  of  the  curling  stigmas.     (Fig.  44,  5). 

The  following  lists  of  insects  which  I  have  observed  dur- 
ing four  summers  upon  the  two  forms,  show  how  great  is  the 
difference  in  this  respect  between  them. 


Fro.  44. 

1 — i.^Malva  nlve$iri».     1,  essential  organs  from  a  bud :    2,  ditto,  in  the  first  stage  of  the  flower 
3,  ditto,  between  the  first  and  second  stages  ;  4,  ditto,  in  the  second  stage. 
&.—Malva  rotundifolia  in  the  act  of  self-fertilisation. 


69.  Malva  silvestris,  L.  : — 

Visitors  :  A.  Hymenoptera — (a)  Apiffee :  (1)  Apis  mcllifica,  L.  § ,  s.,  very 
ab.  ;  (2)  Bombus lapidarius,  L.  ^,oh.  ;  (3)  B.  hortorum,  L ?  ;  (4)  B.  silvarum 
L.  9  ;  (5)  B.  agrorum,  F.  §  ;  (6)  Cilissa  haemarrhoidalis,  F,  ?  ^ ,  freq.  . 
(7)  Andrena  parvula,  K.  ^  ;  (8)  A.  Gwynana,  K.  ?  ;  (9)  A.  fulvicms,  K.  ?  ; 
(10)  HalictuR  macnlatns,  Sm.  ?  ;  (11)  H.  albipeR,F.  ?  ;  (12)  H.  morio,  F.?  ; 
(13)  H.  Smeatlimanellus,  K.  ?  ;  (14)  H.  zonulns,  Sm.  ^  ;  (15)  Nomada  late- 
ralis, Pz.  9  ;  (16)  Osmia  aenea,  L.  ^;  (17)  Megachile  Wilhighbiella,  K.  (t.  ; 
(18)  M.  ligniseca,  K.  ^ ;  (19)  Coelioxya  simplex,  Nyl.  ?  ^  ;  (20)  Chelostoma 
campanulanim,  L.  (J, — all  these  twenty  species  though  always  dusted  with 
pollen,  never  collected  it,  but  came  for  honey  only  ;  (21)  Ch.  nigricome,  Nyl. 
^  9 ,  ven'  al).,  both  s.  and  cp.,  this  is  the  only  species  whir  h  I  have  seen 
collecting  the  pollen  ;  (22)  Prosopis  hyalinata,  Sm.  ^J ;  (23)  P.  communis, 
Nyl.  cJ  9 ,  freq.  ;  (24)  P.  signata,  Schenck,  <J  ;  (25 )  P.  pictipes,  Nyl.  S  ; 
(26)  P.  dilatata,  K.  (J,  all  sucking  ;  (b)  Ichneumonidfr. :  (27)  various specios, — 
I  am  unable  to  say  whether  they  succeeded  in  reaching  the  honey.  B.  Diptera 
— (a)  StraHomyufa' :  (28)  Sargus  cuprarius,  L.  (s  eeme<l  to  derive  no  advantage 
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from  the  flowers,  though  attracted  by  them  ;  (b)  Syrphuhs:  (29)  Rhingia 
rostrata,  L.,  s.,  ab.  C.  Lepidoptera — (30)  Pieris  rapse,  L.,  a.  D.  Coleoptera — 
(31)  Haltica  fuscicomis,  L.,  in  the  flowers.     See  also  No.  590,  11. 

70.  Malva  rotundifolia,  L.  : — 

Visitors :  Hymenoptera — Apidas :  (1)  Apis  mellifica,  L.  §  ;  (2)  BombuB 
agroruni,  F.  Q  ;  (3)  Anthophora  quadrimaculata,  F.  (^ ;  (4)  Halictos  morio, 
F.  <J,  all  sucking.     See  also  No.  590,  n. 

The  following  observation  shows  that  even  Malva  silvestris  is 
not  perfectly  adapted  to  its  conditions  of  life.  In  the  afternoon, 
when  the  flowers  begin  to  close,  I  have  very  often  seen  hive-bees 
clambering  up  the  outside  of  the  calyx  of  closed  but  still  fresh 
flowers ;  thrusting  the  proboscis  past  the  sepals,  they  emptied  the 
nectaries  from  outside.  Sometimes  I  .have  even  seen  bees,  after 
sucking  several  closed  flowers  in  this  manner,  perform  the  same 
operation  on  the  next  open  flower.  Thus  the  flowers  of  Malva 
silvestris  have  not  sufiiciently  secured  their  honey  from  plunder. 

71.  Malva  Alcea,  L. — The  flowers  standing  on  longer  stalks, 
and  expanding  their  rosy  petals  to  a  diameter  of  40  mm., 
are  still  more  conspicuous  than  those  of  if.  silvestris.  Self- 
fertilisation  is  obviated  by  the  same  arrangement  as  in  M,  ailvestris, 
and  insect-visits  are  probably  at  least  equally  numerous.  I  have 
only  once,  in  scarcely  favourable  weather,  observed  a  few  specimens 
in  flower  (July  13, 1868). 

Hymenoptera — Apidce:  (1)  Apis  mellifica,  L.  §,  very  ab.,  s.,  covering 
itself  with  pollen  ;  (2)  Cilissa  haemorrhoidalis,  F.  ? ,  s  ;  (3)  Halictus 
cylindricus,  F.  ? ,  s.     See  also  No.  590, 11. 

72.  Malva  moschata,  L. — The  flowers  are  as  distinctly  pro- 
terandrous  as  those  of  the  three  foregoing  species.  According  to  a 
sketch  which  I  made  in  1867,  the  ends  of  the  filaments  curve  down- 
wards on  the  withering  of  the  anthers;  the  stigmas  spread  out 
above  them,  apparently  obviating  self-fertilisation.  However,  at 
that  time  I  did  not  pay  particular  attention  to  cases  where  self- 
fertilisation  occurs  in  default  of  insect-visits. 

Visitors  :  A.  Hymenoptera — Apidre  :  (!)  Apis  mellifica,  L.  5 ,  s. ;  (2)  Che- 
lostoma  nigricome,  L.  ?,  s.  ;  (3)  Andrena  Coitana,  K.  (J,  s.  (Sid.).  B. 
Diptera  Bomhylid(B :  (4)  Systoechus  sulfureus,  Mikan  s.  (Sid).  C.  Lepidop- 
tera :  (5)  Hesperia  silvanus,  Esp.,  s. 

Delpino  mentions  Xylocopa  violacea  as  a  visitor  of  the  Malvaceae 
(172).      Dr.   Ogle   says   (631)   that   in    many   Malvacece    anthers 
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and  stigmas  ripen  together,  and  self-fertilisation  takes  place 
regularly ;  he  says  that  in  these  forms  no  nectaries  are  present, 
since  the  aid  of  insects  is  not  required.  Unfortunately  he  does 
not  name  the  species  to  which  he  refers. 

Anoda  Jiastata,  Cav. — Hildebrand  figures  and  describes  the 
proterandrous  flowers.  In  the  first  stage  the  ripe  anthers  are 
erect  and  the  stigmas  are  folded  down,  while  in  the  second  the 
stigmas  project  above  the  anthers  (351). 

Gossypium  herhaceurn.,  L.,  has  floral  and  extra-floral  nectaries. 
It  is  visited  by  Ruby-throated  Humming-birds,  and  by  numerous 
insects  (730). 

Ahutiloii,  Giirtn. — My  brother  Fritz  Miiller  has  performed 
many  experiments  on  this  plant  at  Itajahy,  with  the  following 
results : — 

(1)  All  the  species  of  AhUilmi  growing  there,  and  their 
hybrids,  are  barren  (with  perhaps  one  exception)  when  fertilised 
with  their  own  pollen. 

(2)  In  those  species  which  are  unproductive  with  their  own 
pollen,  the  pollen  of  their  near  relations  (the  parent-plants  or 
their  offispring)  is  less  efiicient  than  pollen  from  more  distantly 
related  or  unconnected  plants. 

(3)  The  application  of  pollen  from  several  different  species 
gives  a  greater  yield  of  seed  than  pollen  from  a  single  other 
species  only. 

(4)  The  simultaneous  application  of  pollen  of  two  species 
always  produces  seedlings  of  two  kinds  :  not  as  in  the  experi- 
ments of  Koelreuter  and  Gartner  on  other  plants,  where  the 
simultaneous  application  of  two  species  of  pollen  always  produced 
seedlings  of  one  kind  only. 

(5)  Among  hybrids  of  the  genus  AhutUoni,  there  is  more  or 
less  complete  sterility  between  nearly  related  individuals — between 
parent-plants  and  their  offspring,  between  offspring  of  the  same 
parents,  or  even  between  plants  which  have  only  one  parent  in 
common. 

By  considering  from  a  common  point  of  view  the  diminution 
of  fertility  in  too  close  interbreeding  and  in  the  production  of 
hybrids,  Fritz  Miiller  arrives  at  the  following  law  : — Every  plant, 
to  produce  vigorous  and  prolific  offspring,  requires  a  certain  degree 
of  difference  between  the  male  and  female  principles  which 
coalesce;  and  when  this  amount  of  diff*erence  is  too  gi'eat  or 
too  small,  i.e,  when  the  parent-plants  are  too  distantly  or  too 
closely  related,  the  productiveness  falls  off*.     Further,  the  greater 
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75.  LlNUM  usiTATiasiMUM,  L. — TIlis  flower  resembles  the 
preceding  one  in  regard  to  its  honey,  and  to  the  simultaneous 
ripening  and  relative  positiuns  of  antliers  and  stigmas ;  hence  also 
in  the  likelihood  of  cross-fertilisation  in  case  of  insect- visits,  and 
in  the  constancy  of  self-fertilisation  if  they  fail. 

Uildebrand  has  shown  by  direct  experiment  that  aelf-fertilisation 
is  efficient. 

The  flowers  are  more  conspicuous  and  therefore  more  visited  . 
by  insects  than  tbose  of  It.  caikarticavi.  Sprengel  observed  a 
humble-bee  on  them ;  I  have  noted  : — 

A.  Hymenoptera — Apidie  :  (1)  Apis  mellifica,  L.  ff ,  ab.,  s,  ;  (2)  llalicUw 
cylindricus,  F.  ?,  c.p.  B.  Lepiiloptera— -Vorfun-.-  (3)  Plusia  gftiimio,  U,  s. 
See  also  No.  S90,  ri. 


.^Yomu  ddWflTt  tirta  abnva ;  tho 
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The  dimorphic  species  of  Linum  have  been  the  subject  of 
several  important  researches. 

Darwin,  as  early  as  1863.  recorded  dimorphism  in  L.  <fraiidi- 
Jlortim.,  Desf.,  X,  percnne,  L.,  and  L.  Jlavum,  L,,  and  made 
experiments  on  tho  two  first.  In  Linum  ffrandijloiitm  the  short- 
Btyleil  flowers  gave,  on  self-fertilisation,  moro  seed  than  the  long- 
styled,  which  remained  ahiiost  barren.      Both  proved  to  be  far 
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more  fertile  when  legitimately  fertilised.  As  a  nile  the  pollen- 
grain  failed  to  develop  its  pollen-tube  when  on  the  stigma  of  a 
flower  of  its  own  kind  (157). 

In  Zinum  perenne  illegitimate  pollination  of  the  long-styled 
form  was  quite  unproductive,  and  in  the  short-styled  form  very 
nearly  so;  in  both  forms,  legitimate  pollination  led  to  full  fertility 
in  three  cases  out  of  four.  Hildebrand  found  that  in  this  species 
short-styled  flowers  were  quite  infertile  with  their  own  pollen, 
with  that  from  another  flower  on  the  same  plant,  or  from  any  other 
short-styled  flower ;  but  invariably  fertile  to  pollen  from  a  long- 
styled  flower  (339,  340). 

In  Linum  Leivisii,  Pursh.  (Z.  Sibiriciim,  D.C.),  according  to 
Planchon,  each  plant  bears  flowers  of  three  kinds,  one  long-styled, 
one  short-styled,  and  one  with  styles  and  stamens  of  equal  length  ; 
that  is  to  say,  it  is  trimorphic,  though  not  in  the  same  sense  that 
Lythrum  Salicaria  is  so.  Dr.  Friedrich  Alefeld  enumerates  twenty- 
nine  dimorphic  species  of  Linum,  all  natives  of  Europe,  Asia,  or 
North  Africa;  while  all  the  species  from  North  and  South  America 
and  from  the  Cape  are  monomorphic  (i).     (Cf.  Darwin,  167.) 

Badiola  lino'ides,  D.C.  (-B.  millcgrana,  Sm.),  is  visited  by  minute 
Diptera  (590,  ii.). 

Erythroxylon  is  dimorphic. 


Obd.  MALPIGHIACEJE, 

Camarea^  St.  Hil.,  and  Janusia,  A.  Juss.,  according  to  Adr.  de 
Jussieu,  have  cleistogamic  as  well  as  normal  flowers ;  Aspicarpa 
ureus,  Eich.,  occurs  with  only  cleistogamic  flowers  (531);  Oaudi- 
chaudia,  H.  B.  and  K.,  also  is  placed  among  cleistogamic  forms  by 
Kuhn  (399). 

In  Bunchosia  gaudichavdiana  the  glands  on  the  exterior  of  the 
calyx  seem  not  to  be  protective  in  function.  They  are  visited  by 
various  bees  {Tetrapcdia  and  Epicharis),  which  in  feeding  on  them 
dust  the  under  surface  of  their  bodies  with  pollen,  with  which  they 
cross-fertilise  other  -flowers  (360). 

Orp.    GEBANIACMjE. 
Tribe  Geraniece, 

76.  Geranium  palustre,  L.— The  structure  of  this  flower  was 
thoroughly  described  and  figured  by  Sprengel,  who,  however, 
observed  no  insect-visitors.     In  sunshine  the  flowers  expand  their 
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purple  peUvls  to  a.  diameter  of  30  to  40  mm.,  and  turn  towards  tlie 
sun,  so  that,  being  brightly  illuiainated,  they  are  visible  at  a  great 
distance. 

The  darker  lines  which  converge  to  the  centre,  and  the  pale- 
coloured  claws  of  the  petals,  serve  to  direct  insects  towards  the 
honey,  which  is  secreted  by  five  glands  at  the  bases  of  the  outer 
stamens,  and  protected  from  rain  by  hairs  at  the  bases  of  the 
petals;  it  is  accessible  to  very  short-lipped  insects.  Insect-visits 
are  so  frequent  that  the  power  of  solf-fertiHsation  has  become 
completely  lost.  Each  flower  passes  through  three  well-marked 
stages,  in  which  first  the  five  outer  stamens,  next  the  five  inner 
stamens,  and  thirdly,  when  these  have  withered,  the  five  stigmas, 
become  in  turn  ripe  and  stand  up  prominently  in  the  middle  of 
the  flower.  Each  whorl  of  stamens  bends  outwards  as  its  anthers 
wither. 

Near  Lippstadt  this  plant  is  confined  to  n  single  locality, 
and  I  have  only  once  watched  it,  for  about  half  an  hour,  in  a  light 
east  wind  and  changeable  sky  (August  21,  1871).  I  was  convinced 
in  this  short  time  of  the  great  number  of  insects  which  frequent 
the  plant.  Whenever  the  sun  shone  out,  I  found  the  flowers  vbited 
by  numerous  flies  and  bees,  especially  species  of  Ilalictus. 

A,  Hyratnoptera— J/iirfff .-  (i)  HalictuR  cylmiirieua,  F.  ^  ;  (2)  H.  olbipes, 
F.^;  (3)  H.  Hflvipea,  F.  ^  ;  (4)  H.  loaguluB,  Sm,  ?;  (5)  H.  nitidiuflculuts 
K-StJ;  (6)  H.  zunulus,  Stn.^;  (7)  Andrenu  dnrsnta,  K.  J  ;  (8)  A.  fnlvitms, 
K.(J;  (9)  ProPopiB  conunniiia,  Nyl.  $.  B.  Dijiteni— (a)  Syrphulie:  {10) 
Rbingia  rostrotii,  L.  ;  (11)  Melitiireptiia  Ecriptus,  L.  ;  (12)  Eristalia  tenu,  L.  ; 
(13)  HeliiphiluBpendiilus,  L.  ;  (U)  PJatyclieiruBpeltntufsMgn.  ;  (b)  M«Meit/a  .- 
(15)    amftii    flpecies   of  Anlhoniyia.      C.    Lcpidnptern— (16)   Pierig  mpie,  L„ 


77.  Geranium  pratense,  L. — This  is  generally  the  most  conspi- 
cuous and  most  abundantly  visited  plant  in  the  meadows  where  it 
grows,  just  as  G.  jmhidre  is  in  the  marshes.  It  agrees  in  structure 
for  the  most  part  with  the  former  species,  and  like  it  has  lost 
the  power  of  self-fertilisation.  Hildebrand  gives  (351,  p.  19) 
a  drawing  and  short  description  of  its  markedly  proterandrous 
flowers.  He  has  shown  that,  at  the  time  when  the  anthers  dehisce 
and  are  bent  over  the  stigmas,  these  latter  as  a  rule  are  incapable 
of  fertilisation ;  they  become  capable  of  fertilisation  when  the 
anthers  have  diverged  away  from  them,  and  finally  lose  this 
capability  on  the  falling  off  of  the  pet.iis  (342.) 


Viflilora:   A.  Ilymeiiopteni — Apidir ;   (1)  Apia  tiicllifie4i,  L.  ^ ,  very  ub.,  s. 
OBiuiiL  rufii,  L.  J,s.  (Maj^T,  1868);  (3)  Olielosiomn  iiiyricnrne.'L.  ?, 
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(Thw.)  ;  (4)  Stelia  oterriina,  Pz.  2  <J  (TLur.),  a.  ;  (5)  Andrenft  Coitana,  K.  ^ 
(Sid.),  ?  (Thur.),  a.  ;  (6)  Halictua  cylindricuB,  ¥.  jj  ;  (7)  H.  albipes,  F.  ^ ; 
(B)  H.  leucozonius,  K.  $  ;  (9)  H,  loDguluB,  Sm.  ^  ;  (10)  H.  maculatua,  Sm.  ^ 
(Thur.),— all  sucking;  (11)  H,  Jucidulua,  Schenck,  $,  c.p. ;  (12)  ProBopU 
hyalinata,  Sm.  <J ,  b.  B.  Diptera— Si/rj)Airf<B.-  (13)  Melithreptiw  pictus,  Mgn.,  f.p. 
See  also  No.  590,  n. 

78.  Oeranicm  ptrenaicum,  L. — The  flowers  are  proter- 
androus,  and  regularly  fertilise  themselveB  in  default  of  insect- 
visits.  Before  the  bud  expands,  all  the  filaments  have  their  thin 
ends  bent  slightly  outwards. 

As  soon  as  the  flower  opens,  the  five  outer  stamens,  wliich 
alternate  with  the  petals  and  which  bear  at  their  base  the  honey- 
glands,  rise  up  so   that   their  anthers  overtop  the  divisions   of 


1-1.— PoslUoni  or  tbe  nproductlve  orgii 


the  stigma,  which  are  still  closely  united,  and  each  anther  turns 
that  side  where  dehiscence  is  about  to  take  place  outwards  and 
upwards :  this  whole  surface  becomes  covered  with  pollen.  At  the 
same  time  the  thin  ends  of  the  five  inner  stamens  curve  down- 
wards, so  that  their  anthers  which  are  still  closed  are  out  of  the 
way  of  insects,  and  do  not  hinder  them  from  dusting  themselves 
with  poUen.  A  day  later  these  five  inner  stamens  rise  up  and 
dehisce,  bo  that  now  the  stigmas  are  surrounded  by  a  circle  of  ten 
anthers,  all  dusted  on  their  outer  sides  with  pollen. 

After  a  day  or  two  more,  the  stigmas  at  last  begin  to  separate 
from  one  another,  and  when  they  do  so,  they  lie  on  a  level  with 
the  anthers.  If  the  pollen  has  not  ia  the  meanwhile  been  removed, 
an  insect- visitor  may  now  accomplish  self-fertilisation  as  easily  as 
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cross-ftii'tilisatioti,  but  if  insect-visits  huve  taken  place  loa  uufficieat 
extent,  the  pollen  ia  wholly  removed  before  the  stigmas  separate, 
aiid  cross-fertilisation  is  the  inevitable  result  of  further  insect- 
visita  If  insects  do  not  visit  the  flower  at  all,  self- fertilisation 
always  takes  place,  as  the  eilges,  at  least,  of  the  recurving  stigmas 
come  in  contact  with  the  pollen,  as  I  have  repeatedly  seen  in  the 
case  of  specimens  flowering  in  my  room. 

The  fertilisation  of  the  plant  is  therefore  provided  for  under  all 
■onditions. 

I  have  not  had  a  direct  opportunity  of  observing  this  plant 
fertilised  by  insects ;  but  in  sunny  weather  its  insect- visitors  must 
be  fairly  numerous,  for  Herr  Borgstette,  to  whom  I  am  indebted 
also  for  living  examples  of  tbe  plant,  sent  rae  the  following  insects 
caught  by  him  on  its  flowers  at  Teklenburg : — 

A.  Hymennptera— («)  AjMir  ;  (1)  Aniirena  f uLvago, ClirisL  9,witli  pollen 
of  Qeraiiium  un  its  collettiiig-huii-s  ;  (2)  A.  Gwynana,  K.  $  (J  ;  (3)  A.  pairula,  '' 
K.  9  ;  (4)  A,  ilowata,  K,  ?  ;  (5)  Halittus  cylindricus,  F.  ?  ;  (8)  H.  maciilatUB, 
Sm.  ^  ;  (7)  H,  Smeathmanelhis,  £.  $  ;  (S)  Spbecodea  giUbuB,  L.  $  ;  (9)  Oeiuu 
fuflca,  Christ.  (Licolor,  Sclinuik),  ^  ;  (10)  Cheloalnma  nigricome,  L.  $  ;  (6)  ' 
i^kegUItf :  (II)  Amniupbila  sabuloEa,  L.  ;  {e)  Ve»pida:  (12)  Oitynemi 
(Hoplopua)  qiiiiii|Uera»ciatUB,  F-  B.  Diplera— (o)  Syrphidit:  (13)  Helg- 
pliiluB  aoreiis,  L. ;  (14)  Chrysotoxuin  bidnctum,  L.  ;  (15)  Mt'lithrepttu 
ticniatuti,  Mga,  ;  (IG)  M.  pictim,  Mgn.  ;  (17)  Syrpbiie  balteatiiH,  Bt^.  ;  (16} 
S.  riberii,  L. ;  (19)  8.  pyraBtri,  L. ;  (20)  Aada  podagrica,  F.  [  (81)  Rbingia 
ro8trata,L.  ;  (22)  Pekcotoms  tricineta,  Mgn.  ;  (b)  Mvecidm:  (23)  Echuiomjia 
fern,  L. ;  (24)  Scalophaga  Blereorario,  L.  C.  Coleoptera— (n)  Dermeatida  : 
(£5)  ByturuB  funiattiB,  L.  ;  (6)  CitieUdir :  (26)  Cislfila  iiiurina,  L.  ;  (c) 
Jitalacodermala  .■  (27)  Malacliiue  icneuB,  L. 

On  the  Alps  I  found  G.  pprcnmcum  abundantly  visited  by 
insects,  and  incapable  of  spontaneous  self- fertilisation  (609).  The 
stamens  bent  far  outwards  before  their  anthers  withered,  and  the 
stigmas  did  not  expand  until  all  the  anthers  or  at  least  the  outer 
five  had  fallen  off. 

79.  Geranium  sanguineum,  L.,  in  spite  of  its  flowers  being 
much  more  conspicuous,  agrees  fully  in  the  manner  of  its  fertilisa- 
tion with  0.  py^-enaicum  ;  its  conspicuousness  seems  therefore  not 
to  insure  cross -fertihsation  in  any  greater  degree  but  only  to 
compensate  for  its  more  shady  habitat. 

Visitora:  A.  Hymenoptem— (o)  Apidie;  (1)  Halictus  maculatns,  8m.  Jj 
(2)  H.  scsnolutuB,  K,  ?  (bofli  usually  aiigbt  on  a  petal,  nnU  go  round 
the  flower,  liekiiiK  unc  ueutary  after  anotber— tbeir  niilea  rub  offiiiuit  the 
antlierB  in  young  Aowith  nml  IIip  slL[,'in«s  in  old  oncn,— Bonieliiues  tliey  alight 
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in  the  middle  of  the  flower)  ;  (b)  Sphefjidce :  (3)  Oxybelus  sp.,  s.  B.  Diptera 
—Syrphida :  (4)  Rhingia  rostrata,  L.,  settles  sometimes  in  the  middle  of  the 
flower,  sometimes  on  a  petal,  and  sucks  all  the  five  drops  of  honey  in 
fiuccessiom    See  also  No.  590, 11.,  and  No.  609. 

80.  Geranium  molle,  L. — When  the  flower  opens,  the 
divisions  of  the  stigma  lie  close  together  so  that  their  papillar 
sides  are  hidden.  The  anthers  are  all  closed  and  distant  from  the 
middle  of  the  flower;  the  thin  ends  of  their  filaments  are  bent 
outwards,  the  inner  row  of  stamens  which  stand  opposite  to  the 
petals  being  bent  farther  outwards  than  the  others  which  alternate 
with  the  petals. 

Now  the  outer  stamens  begin,  one  after  the  other,  to  bend 
inwards,  so  as  to  lie  over  the  apex  of  the  stigma,  and  to  dehisce 
there ;  the  flower  is  thus  for  a  time  male  only.  But  even  before 
the  first  five  stamens  have  all  dehisced,  the  divisions  of  the  stigma 
begin  to  separate ;  so  that  the  five  anthers  which  lay  over  their 


Flo.  47. — Qeranium  molle,  L. 

1 — 5.— Reproductive  organs  in  sncceasive  stAgen.  In  2,  tho  inner  whorl  of  Btamens  has  been 
removed.  a\  cater  stamens,  alternating  with  the  petals,  and  provided  at  the  base  with  nectaries ;  a', 
inner  whorl,  opposite  the  petals,  bent  further  out  tluin  the  outer  whorl  when  the  flower  opens ; 
tt,  stigma. 

apices  come  to  lie  in  the  angles  between  them,  and  let  some  part 
of  their  pollen  fall  upon  the  stigmatic  papillae. 

While  the  divisions  of  the  stigma  are  expanding  still  more 
widely,  the  inner  anthers,  which  hitherto  were  closed,  begin  to 
curve  inwards  and  to  dehisce.  When  all  the  anthers  have  shed 
their  poUeo,  they  lie  partly  in  the  angles,  partly  over  the  ends 
of  the  outspread  stigmas,  and  only  a  little  above  them ;  so  that 
insects  which  alight  in  the  middle  of  the  flower  touch  anthers  and 
stigmas  at  the  same  time,  and  can  accomplish  self-fertilisation  as 
well  as  cross-fertilisation. 

The  likelihood  of  self-fertilisation  is  thus  greater  in  these 
less  conspicuous  and  therefore  less  visited  flowers  than  in  either 
of  the  two  preceding  species,  since  anthers  and  stigmas  come  into 
immediate  contact  with  one  another  early  in  the  flowering  period. 
The  probability  of  cross-fertilisation  is  in  consequence  so  much  the 
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flower,  so  that  the  anthers,  still  dusteJ  with  pollen,  are  closely 
pressed  together,  and  lie  over  the  stigmas ;  they  must  therefore  be 
touched  before  the  stigmas  hy  an  insect  alighting  in  the  middle  of 
the  flower.  In  this  stage  the  flowers  are  adapted  for  dusting  the 
bellies  of  insect-visitora  with  pollen  for  the  fertilisation  of  other 
flowers  ;  hut  their  own  stigmas  are  more  easily  reacheil  by  their  own 
than  by  other  pollen. 

The  anthers  now  easily  fal!  off,  and  one  often  finds  the  older 
flowers-  without  anthers,  but  with  five  fully  outspread  stigmas. 
These  flowers  are  therefore  again  female  only,  but  their  stigmas 
have  already  come  fn  contact  with  their  own  polien,  though  they 
may  still  be  fruitful  with  that  from  yo\mger  flowers. 

if  we  compare  the  flowers  of  G.  pusiUiim  with  those  of  its 
Boar  ally  G.  moUe,  with  which  it  grows  in  company,  and  blooms  at 
tire  same  time,  we  see  that  the  former  are  smaller  an'l  paler,  and 
are  accordingly  more  rarely  visitetl  by .  insects.  In  eaeh  case, 
however,  the  regular  occurrence  of  self-fertilisation  compensates 
for  the  great  uncertainty  of  cross-fertilisation ;  and  further,  the 
veiy  early  development  of  the  stigmns  enables  the  rare  insect-visits 
to  be  made  full  use  of  when  they  do  occur.  Finally,  the  more 
rapid  development  of  the  flower  permits  the  number  of  anthers  to 
be  reduced  to  one- half. 

In  Bpite  of  frequent  watching,  I  have  only  noticed  the  flowers 
of  G.  piisilliim  to  be  visited  hy  one  insect,  a  small  gnat,  Ascia 
podagrica,  F.,  but  by  that  on  several  occasions.  It  settled  in  the 
middle  of  the  flower  and  sucked  honey  from  it.  See  also  No. 
590,  n. 


HKVIKIV   OF  THE   PREf^EDINT.   SPKCIES  OK  flEItANIUM. 

If   wo   exchnii-'  0.   sanffuitieiim,  which  grows  in  more  shady 
,  and  arrange  the  otter .  species  according  to  the  size  and 
get    a   series    as    follows : 
l'i/rr.7iau-um  ;  (3)  G.  vwllc  ; 
wime  series  if  we  arrange 
iiig   chance   of  cro.ss-ferti- 
so  also  if  we  take  them 
self- fertilisation   in 
tense  and  0.  pahtstre, 
irdinaiy  flowers,'  while 

i  even  prolmble,  tbnl 


1 


THE  FERTILISATION  OF  FLOWEKS. 


croas-fertilisation  is  thorouglily  insured  through  the  sepomtioii  of 
the  sexual  products  both  in  time  and  space ;  (2)  in  G.  pyreiiaicum, 
Belf-fertilisation  never  takes  place  in  the  earlier  period,  but  it  takes 
plaee  regularly  though  not  abundantly  towards  the  end  of  the 
liowering  period  if  inaectr-visits  do  not  occur, — cross-fertilisation  is 
insured,  aa  in  the  two  preceding  species,  if  insect-visits  occur  early, 
but  if  they  are  delayed  till  the  second  stage  they  result  more  easily 
than  in  the  other  two  species  in  self-fertilisation  also ;  (3)  in 
0.  violle,  even  if  insect-visits  occur  early  and  abundantly,  self- 
fertilisation  is  not  excluded ;  and  it  takes  place  to  a  greater  extent 
than  in  the  former  species  long  before  the  flowering  period  ends,  if 
insect-visits  do  not  occur, — though  self-fertilisation  is  at  no  tiaie 
excluded,  cross- fertilisation  is  favoured  in  case  of  insect- vis  its,  by 
the  position  of  the  reproductive  organs  in  both  stages  of  the 
flower ;  (4)  in  G.  pusiUum,  self- fertilisation  takes  place  abundantly 
in  every  case  before  the  eod  of  flowering,  but  if  insect-visits 
take  place  in  time,  the  stigma,  which  is  developed  before  the 
anthers,  receives  pollen  from  outside  before  self- fertilisation  can 
take  place,  and  when  pollen  of  the  same  flower  is  afterwards 
applied  to  the  stigma  it  is  probably  rendered  useless  by  the 
"  prepotency  "  of  the  other :  if  insect- visits  are  delayed  till  a  later 
period,  so  that  pollen  from  outside  is  brought  only  to  a  stigma 
already  laden  with  pollen  of  its  own  flower,  we  may  still  suppose 
that  the  former  outstrips  the  latter. 

Thus  in  these  Geraniums  we  see  clearly  how,  as  the  number  of 
insect-visits  diminishes  with  the  ccnspicuousness  of  the  flower,  the 
plant  makes  amends  by  an  increasing  likelihood  of  self-fertilisation 
for  the  diminished  chance  of  cross-fertilisation. 


GeTanmrn.  disatetum,  L. — The  manner  of  fertilisation  is  similar 
to  that  of  G.  piisillum-,  but  the  flower  has  ten  anthers.  When 
it  opens,  the  stigmas  already  stand  widely  outspread,  and 
the  anthers  which  stand  close  around  them  are  still  closed  and 
dehisce  gradually  one  after  another,  dusting  the  stigmas  with 
pollen.  I  have  seen  it  visited  liy  flies  and  by  Atidrenn  (vide 
No.  5go,  11.  p.  217). 

82.  Geranium  robertiajjum,  L. — When  the  flower  opens, 
the  five  stigmas  are  folded  close  together ;  the  five  outer  stamens 
stand  close  round  them,  in  the  middle  of  the  flower,  and  their 
anthers,  which  project  a  little  nhove  the  stigmns,  dehisce,  covering 
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their  upper  surfaces  with  pollen.  The  five  inner  stamens  are  still 
bent  outwards  as  far  as  possible,  so  as  to  lie  upon  the  petals  and 
be  out  of  the  way  of  insects  which  alight  on  the  flower.  Before 
the  period  of  the  outer  stamens  is  over,  the  stigmas  separate  and 
expand,  so  that  their  papillar  surfaces  which  were  hidden  before 
are  now  fully  exposed  in  the  middle  of  the  flower. 

As  the  outer  stamens  wither,  the  five  inner  ones  rise  up  to 
surround  the  style,  which  lengthens  meanwhile,  so  that  its  five 
stigmas  stand  a  little  way  above  the  circle  of  pollen-covered 
anthers. 

Honey  is  secreted,  as  in  all  our  Geraniums,  by  the  outer  side  of 
the  base  of  each  outer  stamen,  and  is  collected  in  a  slight  hollow  at 
the  base  of  each  sepal :  it  may  be  reached  by  means  of  a  proboscis 
at  least  7  mm.  long,  without  which  the  insect  must  thrust  its  head 
into  the  narrow  part  of  the  flower.  I  have  seen  Bhingia  rostrata 
in  great  abundance,  sucking  up  the  five  honey-drops  one  after 
another  with  its  proboscis,  which  is  11  to  12  mm.  long  ;  it  stood 
first  on  one  petal,  then  on  another,  and  in  older  flowers  its  proboscis 
touched  first  the  stigmas  and  then  the  ripe  anthers,  in  younger  ones 
the  ripe  anthers  only.  It  effected  cross-fertilisation  regularly,  but 
at  times,  in  drawing  out  its  proboscis,  it  must  also  have  eflected 
self-fertilisation.  I  have  quite  as  often  found  this  fly  busy  eating 
pollen.     I  have  noted,  in  all,  the  following  visitors : — 

A  Diptera — Syrphidw :  (1)  Rhingia  rostrata,  L.,  s.  and  f.p.,  ab.  B.  Cole- 
optera — (2)  Dasytes  flavipes,  F.,  sucking  and  biting  the  petals.  C.  Lepid- 
optera — (3)  Pieris  napi,  L.,  very  ab.,  s.  (Stromberg,  May  15,  1868).  See  also 
No.  590,  II. 

Cross-fertilisation  is  here  insured,  at  first  by  the  early  develop- 
ment of  the  outer  stamens,  and  afterwards  by  the  position  of  the 
mature  stigmas  above  the  level  of  the  anthers ;  but  self- fertilisation 
is  not  absolutely  excluded.  I  have  not  included  this  species  in 
the  foregoing  series,  because  I  have  not  yet  made  sure  whether 
self-fertilisation  does  result  in  default  of  insect-visits. 

Oeranmvi  silvaticnm,  L.,  is  not  only  widely  distributed  in 
Low  Germany  and  in  Britain,  but  occurs  also  in  the  Alps,  where  it 
extends  to  far  above  the  limit  of  trees  and  is  one  of  the  most 
abundantly  visited  plants.  I  have  found  upon  its  flowers: — 
Coleoptera,  8 ;  Diptera,  21 ;  Hymenoptera,  24  (Apidse,  17)  ;  Lepid- 
optera,  21 :  in  all,  74  species. 

This  plant  is  historically  interesting,  since  it  suggested  to 
Sprengel  the  first  idea  of  his  theory.  It  is  also  remarkable  for 
being  ffynodicecuncs,  and   for   exhibiting  transitions  both  towards 
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Iiomogatny  and  towards  difecisni  (pog).  (List  of  visiUirs  in  Low 
Germany,  590  II.  p.  218. 

Geranium,  phwun,  L.,  is  proterandrous.  The  two  wLorh  of 
stamens  develop  in  succession,  and  tLe  stigmas  do  not  expand 
until  the  stamens  have  again  bent  outwards.  The  flowers  arc 
visited  for  their  honey  by  humble-bees  and  by  the  hive-bee 
(229,  665). 

Gcrati.iitni  inacrorhhon,  L.,  is  proterandrous,  nud  the  earlier 
flowers  are  female  only.  Tlie  same  is  true  of  several  species 
of  Pelargoaitivi  (356,  p.  47!)). 

83.  Erodium  CICL'TAniCM,  L'HMt. — The  honey  is  secreted 
and  stored  as  in  all  our  other  Geraniums ;  the  five  oQter  anthers 
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only  are  fertile,  as  in  G.  piimlluiii.    As  in  other  Geraniums  the    \ 
flowers  turn  towards  the  sun,  rendering  themselves  conspicuous,  in 
spite  of  their  short  stalks,  among  all  the  other  flowers  of  the  bare, 
sunny  slopes  where  tliey  chiefly  grow. 

While   iu   the   species   of  Geranium,  the   flowers  though  set 
obliquely  nre  quite  regular,  here  there   is   a   distinct   difference- 
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between  the  upper  and  lower  petals,  the  (two,  rarely  three)  upper 
ones  bearing  "  path-finders  "  in  the  form  of  fine  black  lines,  the 
(three,  rarely  two)  lower  ones  being  elongated  to  form  convenient 
alighting-places. 

The  flowers  are  distinctly  proterandrous,  so  that  cross-fertilisa- 
tion never  fails  if  insect-visits  take  place  in  time :  if  they  do  not 
take  place,  then  the  flower  is  regularly  self-fertilised. 

I  have  only  noted  the  following  visitors : — 

A.  Hymenoptera — Apidce:  (1)  Apis  raellificft,  L.  5,  s.  and  cp.,  aL. 
(SprcDgel  found  hive-beea  and  humble-bees  collecting  pollen).  B.  Cole- 
optera — (2)  Coccinella  septempunctata,  L.,  licking  honey. 

The  awkward  way  in  which  this  beetle,  which  is  not  fitted  to 
feed  on  flowers,  obtained  the  honey,  was  too  amusing  to  pass  by 
without  notice.  While  seated  on  a  petal,  it  applied  its  mouth  to 
one  of  the  nectaries  at  the  base  thereof ;  while  so  doing,  the  petal 
usually  broke  off,  and  the  beetle  was  left  clinging  to  the  next  petal, 
or  fell  with  its  own  to  the  ground.  In  the  former  case  it  kept  on 
its  way  round  the  flower,  and  frequently  pulled  off  all  five  petals, 
one  after  another ;  but  when  it  fell  it  was  always  at  once  on  its 
legs  again,  running  to  another  stalk  of  the  same  plant  to  climb  up 
anew.  I  saw  one  beetle  fall  four  times  to  the  ground  without 
growing  wiser  by  experience. 

Ludwig  has  published  more  comprehensive  researches  on  the 
mechanism  of  fertilisation  in  Erodium  (433,  434,  438). 

Tribe  Pelargonicn, 

Some   general   remarks   on   the   structure    of  the    flower  in 

Tropwoluvi  are   given  by  Delpino   (172);    the    structure    in  7\ 

majits,  L.,  was  thoroughly  described  by  Sprengcl,  who  noted  its 
proterandrous  condition 

Tribe  Oxalidece. 

Hildebrand  has  investigated  all  the  species  of  Oxalis  in  the 
Botanic  Gardens  of  Berlin  and  Bonn,  in  the  Royal  Herbarium  of 
Berlin,  the  Munich  Herbarium,  and  the  collections  of  Treviranus, 
A.  Braun,  and  Selmeyer.  He  distinguishes  twenty  trimorphic 
species,  whose  different  forms  were  in  many  cases  looked  upon  as 
distinct  species  previously;  fifty-one  species  possess  two  fonns, 
and  thirty  have  one  only.  Our  three  native  species,  0.  ncctosclla,  L  , 
0.  dricta,  L.,  and  0,  corniculata,  L,  are  shown  to  be  mono- 
morphic  (348). 
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Experiments  on  artificial  poUinatioo  and   tlie  growtli   of  the  'i 

resulting  seeds,  which  Hildebrand  afterwards  instituted  with  two  i 

trimorphic  species,  0.  Vaidiviana  and  0.  licgndli,  Miquel,  led  to  I 

results  similar  to  those  of  Darwin  in  the  case  of  Lylhrwn.  Salimria.  i 

They  showed  (1)  that   productiveness  is  greatest,  or  exists  only,  ' 

after  legitimate  fertihsation  ;  (i2)  that  both  pareat-planla  inHuence  j 

the  form  of  the  offspring;  (3)  that  pollen-grains  from  stamens  of  f 

equal  length  are  of  the  same  size,  and  diminish  from  the  tallest  to  ! 

the  shortest  anthers.  j 

Hildebrand  gives  a  figure  of  the  trimophie  flowers  of  Oxalis  \ 

ffracilii,  Jacq.  (348).     H.  v.  Mohl  has  described  the  cleistogamic  | 

flowers  of  0.  acdosellu  (53 1 ).  tj 

Tribe  BahamijUfP.  \ 

Impatiens  Balsamhia,  Tilo, — In  younger  fluwers  the  anthers  lie       1 
upon  the  still  closed  stigmas,  and  dust  their  prjlleii  upon  the  backs  - 
of  insects  (bees)  which  dip  their  proboscides  into  the  spur;  in  older 
flowers,  when  the  crown  of  anthers  has  withered,  the  outspread    A 
stigmas  come  in  contact  with  the  siime  parts  of  the  bee. 

H.  V,  Mobl  has  described  cleiatogamic  flowera  in  Impatiens 
Noli-me-iangere,  L.,  and  in  North  American  species  (531). 

On   cleistt^amy  in  Impnticns  fnlva,  Nutt,   see   M.  A.  Loche 
(417);    on   cleistogamy  in   both   species,   see   Bennett   (72,   79). 
Impatiens  parriflora,  D.C.,  according  to  Bennett,  never  produces 
cleistogamic   flowers,   but   acwrding  to   Henslow  it   is   liable  to     * 
spontaneous  self- Fertilisation. 

Nort.h  American  species  of  ImpatU as  are  visited  by  humming- 
birds (164). 

Okd.  Bi'TACE^.  > 

84.  RUTA  GRAVEOLENS,  L. — The  most  prominent  features  of 
the  flower  have  been  described  by  Spreugel, 

A  fleshy  disc  situated  beneath  the  ovary  secretes  honey  in 
eight  ti>  ten  glands  upon  the  bases  of  the  stamens,  sometimes  in 
larger  glands  between  these,  besides  producing  small  drops  OYer  its 
whole  surface  :  the  honey  lies  quite  exposed  and  freely  accessible. 
The  strong  scent  and  the  greenish-yellow  colour  of  the  flowers 
seem  able  to  attract  only  Hynienoptera  and  Diptera,  the  latter  in 
very  great  numbers.  The  stamens,  when  the  flower  opens,  lie 
two  in  each  of  the  petals,  which  are  hood-shaped  and  spread  out 
horizontally.  According  to  Sprengel,  two  stamens  on  opposite 
sides  of  the  flower  rise  up  simultaneously,  bending  inwards  so  that 
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their  anthers  now  covered  with  pollen  come  to  lie  above  the  ovary 
in  the  middle  of  the  flower ;  as  they  wither  they  bend  back  again, 
and  two  others  take  their  place.  The  stigma  only  ripens  after  all 
the  stamens  have  withered,  so  that  all  possibility  of  self-fertilisation 
is  excluded. 

My  own  observations,  made  upon  plants  flowering  in  my  room, 
differ  from  Sprengel's  in  several  points.  In  all  the  flowers  which 
I  examined,  the  stamens  rose  up  not  in  pairs  but  singly,  and 
each  was  joined  by  its  successor  a  short  time  before  it  withered 
and  fell  back  ;  so  that  when  two  were  erect  at  the  same  time,  one 
of  them  was  at  the  close  the  other  at  the  commencement  of  its 
period.  After  all  the  stamens  have  bent  back  the  stigma  ripens, 
but  before  it  withers  the  stamens  rise  up  again ;  and  if,  through 
lack  of  insect-visitors,  they  still  retain  a  stock  of  pollen,  they  shed 
some  of  it  upon  the  stigma.  So  Treviranus'  assertion  that  the 
approach  of  the  stamens  to  the  stigma  takes  place  for  the  purpose 
of  self-fertilisation  is  not  quite  groundless ;  but  such  self-fertilisa- 
tion takes  place  only  when  the  flowering  time  is  passing  away 
without  insect-visits  having  taken  place. 

The  whole  arrangement  of  the  flower  greatly  resembles  that  of 
Pamassia.  In  both  we  have  fully  exposed  honey  and  successive 
development  of  the  stamens  and  then  of  the  stigma ;  in  both  the 
conveyance  of  pollen  is  insured  by  the  centre  of  the  flower,  where 
an  insect  is  most  likely  to  alight,  being  occupied  successively  by  a 
pollen-covered  anther  and  a  mature  stigma ;  both  are  visited  by 
many  Dipt-era  and  Hymenoptera.  But  while  the  white  flowers  of 
Pamassia  are  visited  by  beetles,  the  yellowish  flowers  of  Buta  are 
altogether  avoided  by  them. 

Visitors:  A.  Diptera — (a)  SircUiomyidce :  (1)  Sargus  cuprarius,  L.  ;  {h) 
Syrph'idce :  (2)  Syrpbus  ribesii,  L.,  ab. ;  (3)  S.  iiitidicolliR,  Mgn.  ;  (4)  Meli- 
tlireptus  pictiis,  Mgn.  ;  (5)  Ascia  podagrica,  F.  ;  (6)  Eristalis  sepulcralis,  L.  ; 
(7)  Helopbilus  floreus,  L.  ;  (8)  Syritta  pipiens,  L.,  very  ab., — all  mainly 
sucking,  but  sometimes  also  eating  pollen ;  similarly  (c)  Muscido' :  (9) 
Lncilia  silvanim,  Mgn.  ;  (10)  L.  comicina,  F.  ;  (11)  Sarcophaga  camaria,  L.  ; 
(12)  S.  ba?marrboa,  Mgn.  ;  (13)  S.  albiceps,  Mgn.  ;  (14)  Callipbora  erytbro- 
cepbala,  Mgn.  ;  (15)  Pollenia  rudis,  Mgn.  ;  (16)  Sepsis  ;  (17)  Antbomyia 
radicum,  L.,  very  ab.  ;  (18)  A,  obelisca,  Mgn.  ;  (19)  A.  pratensis,  Mgn.,  (tbe 
last  three  species  were  determined  for  me  by  Heir  Winnertz).  B.  Hymen- 
optera—(a)  EvaniadcE :  (20)  Focnus  affectator,  F. ;  (21)  F.  jaculator,  F.  ; 
(/y)  Ichneumonidif :  (22)  various  species  ;  (c)  Chrysidoe :  (23)  Cbrysis  ignita, 
L.  ;  {(J)  Sphegu!(€:  (24)  Crabro  elongatulus,  v.  d.  L.  ?  ;  (25)  Oxybelus  bellus, 
Dlb.  ;  (26)  Trypoxylon  figulus,  L.  ;  (27)  Rbopalum  cla\ipes,  L.  ;  (28)  Agenia 
punctum,  F.  ^  ;  (29)  Tipbia  minuta,  v.d.  L.  (J  ;  (e)  Vespidw  :  (30)  Odynerus 

M 


THE  FEilTiLlSATlON  OF  i'LUWEllS. 


[I'ABT  i: 


parietiim,  L.  J  ;  (/)  Apida :  (3!)  Hulictiw  wsnotalus,  K.  5  ;  (32)  Prosopia 
Rinuata,  SoUenk,  ? ,  freq.  ;  (33)  Apia  meHiBi-a,  L.  ?f ,— iill  the  Hjmtiiopltm 
only  sutking.    Soe  also  No.  590, 11. 

Didamnus,  L.,  is  visited  by  hmnble-bees,  whose  ventral  surfaces 
come  in  contact  with  the  reproductive  organs  of  the  Hower,  In 
the  first  stage  the  style  hes  hidden  among  the  stamens,  in  the 
second  it  is  bent  outwards  with  its  mature  stigma  (178,  360, 
p.  65fi), 

Correa,   Sm.,   is    protonindrous,   according    to   Delpino   (i?!^, 

p.  iro). 


Ord.  CJiLAHriilSE.E. 

85.  EuoNYML's  europ*:a,  L. — The  honey  is  secreted  by  a 
fleshy  disc  siiiToiinding  the  style,  and  lies  in  so  thin  a  layer  that 
it  can  only  be  attractive  to  short-lipped  insects.  The  dull  yellow 
colour  of  the  flowers  moreover  excludes  those  insects  which  are 
enticed  only  by  bright  colours.  Like  other  flowers  of  the  same 
colour,  these  are  visited  only  by  Diptera  and  Hyinenoptera,  and 
especially  by  the  former ;  the  flies  run  irregularly  over  the  flowers, 
attacking  the  honey-covered  surface,  now  here  now  there,  with  their 
outspread  '  end-flaps'  (/a^cZ/^c),  and  in  consequence  touching  anthers 
and  stigmas  now  with  one  part  of  their  bodies,  now  with  another, 
In  such  circumstances  the  flowers  could  only  attain  regular  cross- 
fertilisation  by  separation  of  the  sexual  organs,  either  in  time  or 
space.  Both  separations  have  in  fact  taken  place,  and  self- 
fertilisation,  whicli  had  become  unnecessary  owing  to  the  abundant 
insect- visits,  has  finally  become  impossible. 

The  four  anthers  st.ind  at  a  distance  from  the  stigma  upon 
stiff  filaments,  and  dehisce  directly  outwards,  while  the  stigma  is 
still  immature  and  its  lobes  remain  tightly  closed.  These  only 
separate  seveial  days  later,  and  again  close  up  after  fertilisation. 
Thus  self-fertilisation  cannot  take  place  without  the  aid  of  insects ; 
and  with  their  aid  only  if  the  earUer  days  of  flowering  have  passi-d 
by  without  the  flower  being  visited  (cf.  Delpino,  177). 

E.  eiiropaa  is  polygamous  according  to  Darwin  (167). 

ViBitora :  A,  Diptera~(a)  SyrphMm :  (1)  EriatjtliB  tenax,  L.  ;  (2)  Helo- 
philns  floreuB,  L,  j  (3)  Syrphua  riLeaii,  L.  ;  (4)  Syrittu  pipiuna,  L.  ;  (5)Xantho- 
gramnia  citrofaaciaU,  Deg.  all  auuliing  ;  (b)  Mvscidir:  (6)  Muuca  dompfltica, 
h. :  (7)  Cslh'phora  vomiitirin,  L,  ;  (8)  Sarcophagn  carnHria,  L„  very  al).  ; 
(9)  Si-,ihipl,aK;>  ^teri.'.>r..ri.i.  I-.  ;  (10;  T.urilia  fni-nidiin,  F. ;  (r)  Bibloniihr  :  (111 
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Bibio  hortulanus,  L.,  elU  sucking  ;  (12)  numerolia  Bmall  midges.  B.  Hymeu- 
optera — Pormicida ;  (13)  Formica  sp.  Spiders  weave  Iheir  webs  about  tliese 
flowers  to  catch  the  numeroiiB  flies.  I  saw  a  species  of  Vetpa  alight  and 
capture  a  Sarcophaga  camaria. 


Ord.  RHAMNEjE. 

Palmrus  aculeatua.  Lam.,  is  distinctly  proterondrous,  according 
to  Delpioo.  The  stameDs  are  at  first  erect  or  incliDed  slightly 
inwards,  but  bend  backwards  wlien  the  stigmas  deveIo|).  Tho 
fertilisere  are  probably  flies  of  moderate  or  large  size  (177). 


2.— Ditto,  sfur  rtmovBl  of  th 
8,-Oliltr  noncr,  (Tdid  »b0TO. 


86.  RbaMNUS  Frangula,  L.— The  receptacle  forms  a  henii- 
spherical,  fleshy  disc,  which  secretes  and  contains  the  honey. 
It  is  produced  at  its  margin  into  five  triangular  white  calycine 
lobes,  which  are  directed  obliquely  outwards  in  the  flowering 
period.  Between  these  sepaline  lobes,  there  occur  on  the  margin 
of  the  receptacle  five  small  white  bi-lobed  petals ;  close  below 
tliem,  and  half  surrounded  by  them  are  five  stamens,  wliich  arc 
inclined  inwards,  and  dehisce  introrsely. 
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From  the  base  of  the  flower  rises  the  ovary  ;  whose  short  style 
is  terminated  by  a  bi-lobed  stigma  below  the  level  of  the  stamens. 
When  the  anthers  dehisce,  the  stigmatic  lobes  are  still  small,  and 
probably  incapable  of  fertilisation,  but  when  the  stamens  wither, 
they  are  four  times  as  large  as  at  the  commencement  of  flowering 
(Fig.  50).  The  flowers  are  thus  proterandrous.  An  insect  sucking 
the  honey  must  touch  the  stamens  with  one  side  of  its  head  or 
proboscis.,  and  the  stigma  with  the  other;  in  this  case  self- 
fertilisation  cannot  occur,  though  the  stigma  and  anthers  ripen 
at  the  same  time,  but  cross-fertilisation  proceeds  regularly. 
Pollen-collecting  insects  and  sometimes  even  those  sucking 
honey,  if  they  thrust  their  heads  several  times  into  the  same 
flower,  effect  self-fertilisation  as  well  as  cross-fertilisation. 

The  honey  on  account  of  its  open  situation  is  accessible  to 
very  various  insects,  but  the  flowers  are  so  inconspicuous  that  they 
are  very  little  visited.  Self-fertilisation  can  take  place  if  needed, 
as  the  stamens  on  withering  may  shed  their  pollen  on  the  now 
mature  stigmas. 

Visitors :  A.  Hymenoptera—  (a)  Apidce :  (1)  Apis  mellifica,  L.  ^ ,  s.  and 
c.p. ;  (2)  Bombus  agrorum,  F.  ?  $,  s.  ;  (3)  Macropis  Libiato,  Pz.  (J,  s.  ;  (b) 
VespidiF :  (4)  Vespa  silvestris,  Scop,  ab ,  8. ;  (5)  Eunicnes  poniiformis,  L.,  a. 
B.  Diptera — (6)  Ciilex  pipieiis,  L.  (J,8. 

Rhamnus  laiiceoUdmy  Pursh.,  is  dimorphic,  according  to  Darwin, 
but  it  is  not  heterostyled  in  the  strict  sense  (Darwin,  167). 

Rhamnus  jytcmilus,  L. — The  size  of  the  flow^er  and  the  number 
of  its  parts  is  reduced  in  this  species,  but  the  plant  is  visited  by 
numerous  insects.  The  flower  is  generally  tetramerous,  and  the 
petals  exhibit  all  stages  of  abortion  to  complete  disappearance 
(609). 

RJiammcs  cathartimts,  L.,  is  dioecious,  with  two  sub-forms  of  each 
sex  (167). 

Ord.  SAPIN^DACE^, 

Serjania  (ni^pidata,  St.  Hil. — The  flower  resembles  the  labiate 
type,  and,  like  Faullinia,  L.,  and  Cardiospermum,  L.,  is 
proterandrous. 

Many  species  of  Acer,  according  to  Delpino,  are  proterandrous 
and  are  fertilised  by  flies  (178,  360). 

87.  ^.S(!ULUS  HiPPOCASTANTTM,  L. — Tho  arrangement  of  the 
flower  was  tlioronghly  described  by  Sprengel.     My  own  notes  and 
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tirawings  of  the  horse-chestnut  flower,  made  befure  I  beeame 
awiuainted  with  Sprengel's  work,  differ  ia  oue  point  from  liis 
account,  and  agree  with  that  of  Hildebrand,  While  Sprengel 
duclares  that  in  the  younger  flowers  insect- visitors  come  in  contact 
only  with  the  stamens  because  the  style  is  as  yet  low  <town,  1 
found  juat  the  opposite  condition,  as  the  annexed  figures  show. 
Although  I  neglected  to  compare  microscopically  stigmas  of  younger 
and  older  flowers,  I  can  hardly  doubt  that  Hildebrand  is  right 
in  statinjj  the  hermaphrodite  flowera  of  the  horse-chestnut  to  be 
proterogynoiis.  According  to  Dr.  Ogle  (632),  there  occur  usually 
in  the  lower  part  of  each  inflorescence  flowers  whose  anthers  fall 
off  without  dehiscing  although  their  loculi  are  full  of  pollen,  and 
which  thus  play  the  part  of  purely  female  flowers. 

The  chief  fertilisers  are  humble-bees ;  therefore  the  dimensions 
of  the  flower  are  just  such  as  to  suit  these  insects.      The  style 


tgt,  una  obllqnfly  from  I 
(Biflfjr  mrtry ;  «,  uptl ;  p. 


and  stamens  protrxide  so  far  from  the  flower  (in  a  curve  concave 
superiorly),  that  a  bee  on  alighting  just  touches  stigma  or  anthers 
with  the  hinder  part  of  his  body.  The  legs  fit  into  the  interspaces 
between  the  petals,  so  that  the  insect  finds  itself  at  once  in  the 
most  convenient  position  for  sucking,  and  immediately  thrusta 
its  proboscis  in  the  direction  m  {1,3,  Fig.  51)  into  the  honey- 
holding  base  of  the  flower.  Such  a  position  also  permits  the 
insect  to  fly  away  very  readily,  and  thus  the  whole  time  occupied 
is  reduced  to  a  minimum  :  alighting,  thrusting  in  tlie  proboscis, 
and  flying  away  again  ia  the  work  of  a  few  seconds. 

Other  bees,  whose  dimensions  do  not  correspond  so  well  to 
those  of  the  flowers,  have  to  spend  more  time  over  the  operation. 
The  humble-bee  is  also  favourably  placed  for  carrying  off  pollen 
on   the  tarsal  brushes  of  the  middle  and  hindlegs.     The  quick 
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action  of  the  insects  is  of  as  much  importance  to  tlie  plant  as 
to  themselves:  for  the  cjuicker  they  work,  the  more  youny 
hermaphrodite  flowers  get  fertilised  in  the  same  time,  with  pollen 
from  male  flowers  or  older  hermaplirodite  flowers ;  and  this  in 
changeable  weather  is  an  important  consideration. 

I  have  only  seen  the  following  lumble-becs  visiting  the  liorse-cheatnut  :-^ 
(I)  Bombus  leirestriti,  L.  ;  (S)  B.  lapidarius,  L.,  hoth  flpecicB  8.  and  cp., 
though  [  liuve  heard  been  liumming  nil  itay  long  about  the  trees  in  flower  in  a 
neighbouring  garden.  My  notes  for  visitois  to  this  plant  refer  only  to  a  aingii- 
afternoon  (May  14,1867).  The  other  visitors  noticed  were  :— (3)  Apiii  nieilifiot, 
L.  9 ,  B.  and  c.p.,  very  ab.  ;  (4)  Eui^ra  lonjpcomis,  L,  J ,  a.  ;  (5)  Osmia  nira, 
L,  5,  8.  ;  (6)  Haliutus  mbitundns,  Christ.,  $,  cp.  ;  (7)  Anrtrcna  sp. 

In  j^sculus  Pavm  (ruhumnda),  D.C.,  according  to  Hildebrand. 
all  the  hermaphrodite  flowers  are  pro terogy nous,  as  in  jEsttdua 
Hippocasianum ;  but  the  first  flowers  of  each  inflorescence  are  malo 
only,  to  supply  pollen  for  the  opening  proterogynous  flowers  (35 1). 

Obd.  AyACAllZ)IAC/-:^E. 


88.  Rhus  Cotinus,  L.  {the  Wig-tree). — Rhtts  Cotintis  shows  all 
possible  transitional  stages  between  staminate,  hermaphrodite,  and 
pistillate  flowers :  the  first  of  these  are  largest,  most  expanded,  and 
most  conspicuous ;  the  last  are  least  so.  Hence  most  insect- 
visitors  come  to  these  flowers  in  the  most  a^lvantageous  order. 
(Cf.  Ribcs  aljnnum,  Salix,  Bryonui,  Aspamffus.) 

In  both  staminate  and  pistillate  flowers  of  R.  GUinus  traces  of 
the  aborted  organs  remain  visible. 

The  flowers  secrete  abundant  honey  on  the  orange-red  fleshy 
disc  surrounding  the  ovaries,  and  display  it  conspicuously. 
They  axe  visited  by  numerous  insects,  chiefly  forms  with  short 
proboscidea.     Cross-fertilisation   is  usually   effected   even   in  the 
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hermaphrodite  flowers  owing  to  the  wide  separation  of  the  stamens 
and  pistil.  Like  all  other  flowers  of  a  dull  yellow  colour  they  are 
almost  completely  avoided  by  Coleoptera. 

Visitors :  A,  Diptera — (a)  Syrphxdoi :  (1)  Helopliilus  floreus,  L.,  very  ab.  ; 
(2)  H.  pendulus,  L. ;  (3)  Syritta  pipiens,  L.,  very  ab.,  all  three  s.  and  f.p.  ; 
(6)  MuscidoB :  (4)  Callipliora  erythrocephala,  Mgn. ;  (5)  Sarcophaga  camaria, 
L.  ;  (6)  Lucilia  comicina,  F.,  s.,  also  several  imdetermined  flics  and  gnats. 

B.  Coleoptera — Dermestida :  (7)    Anthrenus  pimpinellse,  F.,  licking  honey. 

C.  Hymenoptera — (a)  Tenthredinidce :  (8)  Tenthredo  marginella,  Kl. ;  (b) 
Sphegidce :  (9)  Oxybelus  nniglumis,  L.  ;  (10)  Gorytes  campestris,  L. ;  (c) 
Vespidce:  (11)  Eumenes  pomifonnis,  Spin.;  (12)  Odynerus  sinuatus,  F. ; 
(13)  0.  spinipes,  H.  Sch.  (quinquefasciatus,  F.),  the  last  six  all  licking  honey  ; 
(d)  Apui(B :  (14)  Andrena  albicans,  K.  $ ,  c.p. ;  (16)  Halictus  sexstrigatus, 
Schenck,  9;  (16)  H.  sexnotatus,  K.  ?;  (17)  Apis  mellifica,  L.  9,  the  last 
three  sucking  honey. 

89.  Rhus  typhina,  L.— I  have  had  little  opportunity  of 
watching  the  flowers  of  this  plant  at  the  proper  season.  They  are 
very  conspicuous,  and  secrete  abundant  and  easily  accessible  honey, 
and  the  possibility  of  self-fertilisation  is  excluded  by  dicecism.  I 
have  as  yet  only  observed  the  following  visitors : — 

A.  Hymenoptera — Apid(e :  (1)  Apis  mellifica,  L.  ^ ,  very  ab.,  s.  ;  (2) 
Prosopis  communis,  NyL  ?  <J ,  s.  B.  Neiiroptera — (4)  Panorpa  communis,  L. 
licking  honey. 

According  to  Delpino,  many  species  of  Ehus  are  proterandrous 
and  fertilised  by  flies  (177). 


Obd.  CORIARIEjE. 

Coriaria  myrtifolia,  L.,  is  markedly  proterandrous,  according  to 
Hildebrand,  and  the  first  flowers  are  male  only  (356). 


Ord.  LEGUMINOS^. 

Tribe  Lotece, 

90.  Lotus  corniculatus,  L. — The  structure  of  the  flower  of 
Lotus  corniculatus  is  described  briefly  by  Delpino  (172,  p.  25).  He 
gives  it  as  an  example  of  a  papilionaceous  flower  furnished  with 
a  piston-apparatus,  and  he  subsequently  compared  it  fully  with 
CoronUla  Emernts  (178,  pp.  39-44).  I  have  devoted  especial 
attention  to  the  fertilisation  of  these  plants,  and  I  shall  discuss 
their  structure  fiiUy. 


THE  FERTrUSATION  OF  FLOWEIW?. 


The  anthers  d«hisce  in  th«  bm],  whilst  buth  carina  and  alae  are 
still  covered  by  the  vexHJum,  and  before  any  of  the  petals  have 
nearly  attained  their  full  size.  At  an  earlier  period  the  five  outer 
stamens,  which  alternate  with  the  petals,  and  the  five  inner 
stamens  are  unequally  developed,  so  that  the  anthers  form  two 
whorls,  one  biihiud  the  other  round  the  style ;  but  when  they  are 
ready  to  dehisce  all  ten  stameas  are  of  equal  lenp;th,  and"  their 


it  iia  right  hair  of  the  corlns. 

imoTBlof  ilM  YBillloai  uid  Hi*. 

— Tbs  emntlil  ornu  iDclosed  In  IIib  Fteot  half  of  Ui»  «riDi.  u  ■tanwn  In 
UAMMntlal  OTRAiu  from  a  bud.  LjDiii«dlately  afl^^r  the  i 
A  i!onpuuuD  or  a  and  nbowa  haw  mgch  longer  and  tblcker  tbA  (iqtiir  Btaineiu 
iBterval  batwwn  tlii  aheddlBg  uT  tiu  poUni  and  the  ajiening  at  the  Howtt. 

10. — The  iBinB  organi  seen  tmm  abova.  Ut  ehow  bow  tbe  outer,  t^mtluHl]! 
■pilng  Utft  wbea  freed  ttoiu  tlw  pnaatire  al  tha  cailDa 

lU — The  nSne  ajnadelphoni  ftamein  of  ■  folly  dtrveloped  flower  Hpread  ant, 

a,  entninni  to  Ibc  boney  :  t.  Uia  Dpward  comturu  at  tbe  Hm  atunem ;  n 

aloM.  intn  which  Bt  the  two  deprMilona  of  the  ■)»  (r^ :  d,  the  five  Inner  na 

"'     "  ■*'  ■  ■    •-     hiped;/,  ulignia;  i-^,  »p 


g.tuiOcB 


m  pollen 


oipellod. 


anthers  reach  to  the  base  of  the  conical  apex  of  the  carina.     The 

ends  of  the  filaments  are  still  very  much  alike,  but  the  five  ( 


ive  outer 
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show  a  slight,  club-shaped  thickening,  which  afterwards  becomes 
much  more  apparent ;  the  five  inner,  including  the  superior  solitary 
stamen,  remain  unthickened  throughout.  The  anthers,  while  yet 
fully  twice  as  broad  as  the  ends  of  the  filaments,  dehisce  in  the  base 
of  the  cone,  completely  filling  it  with  pollen,  and  when  they  have 
discharged  their  contents  they  shrivel  up. to  a  fourth  of  their  former 
size.  All  the  petals  now  grow  to  their  full  size,  and  the  five 
outer  stamens  elongate  and  the  ends  of  their  filaments  thicken,  so 
that,  in  spite  of  the  continual  growth  of  the  carina,  they  still  reach 
to  the  hollow  cone  formed  by  its  apex,  and  completely  fill  its  lower 
and  wider  portion  notwithstanding  that  the  five  inner  stamens 
have  remained  behind.  When  the  flower  has  reached  maturity,  the 
essential  organs  occupy  the  relative  positions  shown  in  8,  Fig.  53. 
The  five  inner  stamens  (d)  are  useless  after  shedding  their  pollen, 
and,  far  outstripped  in  development  by  the  other  organs,  they  lie 
shrivelled  up  in  the  lower  and  wider  part  of  the  carina.  The  five 
outer  (e),  which  have  still  an  important  part  to  play,  have  continued 
to  grow,  and  lie  with  their  thickened  ends  tightly  closing  in  the 
base  of  the  hollow  cone  now  filled  with  pollen.  Somewhat  below 
the  apex  of  the  carina  lies  the  stigma  (/),  and  at  the  apex  (near  g) 
is  a  narrow  opening;  the  entire  space  between  the  thickened 
filaments  and  the  orifice  is  filled  with  compressed  pollen,  and  thus 
the  piston-mechanism  is  complete.  On  the  application  of  a  slight 
downward  pressure  to  the  carina,  the  thickened  filaments  are 
forced  further  into  the  apical  cone  of  the  carina,  and  squeeze  a 
certain  amount  of  pollen  through  the  orifice  in  a  narrow  ribbon. 
When  the  pressure  ceases,  the  thickened  filaments,  thus  squeezed 
together,  tend  to  spring  apart,  and  so  raise  up  the  apical  cone  and 
restore  the  whole  carina  to  its  former  position ;  the  elasticity  of  the 
carina  itself  assists  in  this  action.  If  the  carina  be  drawn  or 
pressed  still  further  down,  the  end  of  the  style  protrudes,  covered 
with  pollen,  from  the  orifice.  When  the  pressure  ceases  it  returns 
again  into  the  carina ;  but  the  edges  of  the  orifice,  which  readily 
yield  to  a  pressure  from  within  and  allow  the  stigma  and  pollen  to 
pass  out  without  hindrance,  spring  together  and  scrape  off  almost 
the  whole  of  the  pollen  from  the  stigma  as  it  returns  within 
the  carina. 

As  soon  as  the  piston-mechanism  has  become  so  far  complete,  the 
vexillum  rises  up  perpendicularly  so  as  to  direct  its  broad,  dark 
yellow  surface  straight  to  the  front,  and  both  the  alae  arch  their 
surfaces  into  two  hemispheres  inclosing  the  carina,  so  as  to  strike 
the  eye  equally  well  from  before,  from  behind,  or  from  either  side. 
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The  flesh;  thickened  base  of  the  coalesced  stamens  secretes  hobey 
on  the  inner  Eurface,  which  lies  surrounding  the  base  of  the  ovary 
and  is  only  to  be  reached  through  two  small  openings  on  either 
side  of  the  base  of  the  superior  stamen,  and  the  flower  is  now 
ready  to  receive  insect-visitors  (I,  2,  Fig.  53).  It  only  remains  to 
explain  how  the  downward  pressure  of  the  carina  is  effected.  This 
important  service  is  rendered  by  the  ahe.  They  form  a  platform 
for  the  insects,  and  are  so  combined  with  the  carina  that  it  is  bent 
downwards  along  with  them.  Each  ala  has  at  the  base  of  its  limb  a 
deep  depression  (3,  c'),  which  fits  into  a  corresponding  hollow  on  the 
upper  surface  of  the  base  of  the  carina  (5,  c),  and  close  behind  this 
spot  the  upper  edges  of  the  alae  cohere  together.  If  a  bee  comes, 
and,  whilst  clasping  the  alte  with  its  mid  and  hindlegs,  thrusts  its 
head  and  forelegs  under  the  vexillum  to  insert  its  proboscis  into 
either  of  the  honey- passages,  the  aire  and  with  them  the  carina 
bend  downwards,  and  a  quantity  of  pollen  oozes  through  the  tip 
of  the  carina  and  becomes  attached  to  the  hairy  ventral  surface  of 
the  bee.  If  the  bee  forces  its  way  further  into  the  flower  and  thus 
presses  the  alee  and  carina  down  still  more,  the  stigma  protrudes 
from  the  apox  of  the  carina  and  rubs  against  the  ventral  surface 
of  the  insect. 

The  insect's  belly  is  covered  with  innumerable  pollen^raios 
from  the  same  and  from  previously  visited  flowers,  and  cross- 
fertilisation  takes  place  without  fail.  And  it  is  scarcely  possible 
to  doubt,  though  it  is  hard  to  prove  by  direct  observation, 
that  the  pollen  brought  from  other  flowers  is  prepotent  in 
its  action. 

Delpino  considers  that  the  stigma  does  not  become  capable  of 
fertilisation  until  its  papilla;  bave  been  slightly  rubbed,  by  which 
the  stigmatic  surface  is  made  sticky.  If  this  view  is  correct,  cross- 
fertilisation  must  take  place  regularly,  in  the  course  of  repeated 
visits,  since  the  stigma  must  be  cleared  of  its  own  pollen  before  its 
papillae  become  exposed  to  friction.  In  either  case  it  is  very  much 
to  be  desired  for  the  sake  of  a  clear  understanding  of  the  mechanism 
of  this  flower,  that  experiments  should  be  instituted  to  show 
whether  Lotus  does  or  does  not  produce  seed  when  protected  from 
insects. 

The  process  of  squeezing  out  a  little  ribbon  of  pollen  by  de- 
pressing the  carina  may  be  repeated  eight  to  twelve  times,  if  the 
carina  is  pressed  down  only  a  little  way  each  time.  But  bees  when 
collecting  pollen  press  the  alte  and  carina  down  as  far  as  possible  to 
get  all  the  pollen  that  they  can,  so  that  the  supply  is  cxhnusted 


PART  III.]  THE  MECHANISMS  OF  FLOWERS. 


171 


after  a  very  few  visits.     Bees,  and  especially  those  with  abdominal 
collecting-brushes,  are  the  chief  fertilisers  of  the  plant 

Visitors  :  A.  Hymenoptera — (a)  Apidce :  Bees  with  abdominal  collecting- 
brushes  :  (1)  Osmia  intemipta,  Schenck,  ?  (L.  Sid.  Thnr.) ;  (2)  0.  anrulenta, 
Pz.  9  (Sid.,  Thur.),  very  freq.  ;  (3)  0.  cenea,  L.  ?  <J,  (L.),  freq. ;  (4)  Diphysis 
serratulae,  Pz.  ?  <J  (L.  Sid.),  freq. ;  (5)  Megachile  Willughbiella,  K.  ?  (L.  Sid.) 
(6)  M.  pyrina,  Lep.  ?  (J,  freq. ;  (7)  M.  circumcincta,  K.  $  (J  (L.  Sid.),  ab. 
(8)  Anthidium  manicatum,  L.  $  (L.) ;  (9)  A.  punctatum,  Latr.  $  $  (Thur),  ab. 
(10)  A.  strigatum,  Latr.  $  $  (Thur.),  freq.  The  females  of  all  these  species 
collect  pollen  and  suck  honey  at  the  same  time ;  (6)  Bees  with  femoral  and 
tibial  collecting-baskets  ;  (11)  Bombus  agrorum,  F.  $  ^,  s.,  more  rarely  c.p.  ; 
(12)  B.  terrestris,  L.  ?  do.  ;  (13)  Apis  mellifica,  L  9 »  very  ab.,  do. ;  (14) 
Eucera  longicomis,  L.  $  (J,  very  ab.,  only  s. ;  (15)  Rhophites  canus,  Eversm. 
9  (J  (Thur.),  s. ;  (16)  Andrena  labialis,  K.  ? ,  s. ;  (17)  A.  xanthura,  K.  ? ,  cp. ; 
(18)  A.  convexiuscula,  K.  ? ,  s.  and  cp. ;  (19)  Halictus  rubicundus,  Chr.  ? ,  s. 
and  cp.  ;  (20)  H.  flavipes,  K.  ? ,  s. ;  (c)  Cuckoo-bees  :  (21)  Nomada  ruficomis, 
L.  9 ,  s. ;  (22)  Coelioxys,  sp.  ^ ,  s.  B.  Biptera — (a)  Conopida :  (23)  Conops 
flavipes,  L.  (4 — 5),  s.  only  observed  once, — thrusting  its  tongue  beneath  the 
vexillum  ;  (b)  Syrphidce  :  (24)  Melanostoma  mellina,  L.,  b.p.  C.  Lepidoptera 
— (a)  Bhopalocera :  (25)  Lycsena  Icarus,  Rott,  s.  ;  (26)  Hesperia  tages,  L.  s.  ; 
(27)  H.  alveolus,  H.  a. ;  (6)  Sphinges :  (28)  Sesia  empiformis,  E.  (Thur.),  s.  ; 
(29)  Zygaena  lonicerse,  Esp.  (Thur.),  s. ;  (c)  Bomhyces :  (30)  Porthesia 
auriflua,  S.  V.  (sucking  vainly  for  honey)  ;  (cf)  NoctucB :  (31)  Euclidia 
glyphica,  L.,  s.  Lepidoptera  and*  Conops  thrust  their  tongues  beneath  the 
vexillum  without  perceptibly  depressing  the  carina ;  they  were  therefore  quite 
useless  for  fertilisation. 

Twenty-seven  additional  visitors   (19   Apidae,  5   Lepidoptera 
3  Diptera)  are  recorded  in  my  Weitere  Beobdchtvngen,  II.  p.  246. 
Altogether,  I  have  observed  upon  Lotus : — 


ApidfP. 

1 
Lepidoptera. '     Piptora. 

Totnl. 

In  Low  Germany 

17 

25 

1 

43 

56 

On  the  Alps         

41 

12 

3 

That  is  to  say,  in  each  hundred  species  of  visitors  there  are  : — 


In  Low  Germany... 


I 


On  the  Alps 


Apidsp. 

• 

Lepidoptem. 

Diptera. 
2-3 

5S 

89-5 

581 

73-2 

21-4 

Total. 


99-9 


99-9 
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91.  Anthvllis  vulneeabiA,  L. — Anthyllis  vidneraria  belongs 
to  the  group  of  papilionaceoua  flowers  with  piston -mechanism,  but 
it  differs  so  strikingly  from  Lotus  in  many  point's  that  it  deserves  a 
special  description. 

The  very  long  claws  of  the  petals  are  surrounded  by  a  calyx, 
9  to  10  inm.  long,  somewhat  swollen  in  the  middle  and  covered 
with  soft  hairs  (1  a,  Fig.  54).  From  this  the  vexillum  projects  to  a 
distance  of  6  to  7  mm.,  inclined  obliquely  upwards ;  a  groove  on  the 
lower  part  of  its  blade  (7  '*')  receives  the  alffi,  and  two  rounded  lobes 
at  its  base  (7  rf,  rf)  clasp  round  them  inferiorly,  so  that  the  al^  are 
completely  embraced  by  the  vexillum. 


3  Rnflp  th 


A.—Anth^UU  lalwrarl 

S.— Iiltto.  rrom  the  tide,  nlUr  removal  rif  thi'  r(l]->. 

S.-Dltlo.  ftoin  ilBvc ;  the  ycirilluin  sl«  liM  been  remortrt. 

4.-Anterior  bslf  at  tbe  cirim  msd  ubUqTielj  Crom  Ibg  left  iIiId  mn<l  ibnve. 

S.—ADterior  half  ot  cirlna  uid  ths  light  sIk. 

e.— Lvwsr  sldn  ot  left  Hill :  the  cUw  it  cai  elwrt. 

7,-Ve«lnimi  tRHD  balow  (I-T  X  SH. 

S.— Ami  or  eulu.  after  removkl  otH*  IfK  taUf  (x  T). 

leaf  TfrXltlTiia  ;  h\  Itagroora;  e,  upper (ontcr)  inrAice  af  vexJllum  ;  d, Ld1h4 
'  1  indcuclnii :  r,  inaer,  /,  outer,  lides  of  all :  d,  deep  narrovEmnve 
.  vialblB  \BMe  ■«  a  sharp  ridge,  k ;  i,  hollow  in  Ibe  upper  lurtace  of 
.    . ,  .,                 'b  the  ^dge  ABU;  I,  aharp  procoaa  or  tooth  of  (be  carina,  wiiioh  flla  into  a 
w  K,  behind  the  ridiia  It ;  m.  carinil  otiana.  ai  wblob  th<  polirn  emirgeB :  n',  aulerioi  lafoldliR 
.„..  .  .' ^  ~..v.L.  .„Vi"' ™ii-„'.  ,,  B(ignui;  ((,  olawaot'OiealB. 


An  insect  which  tries  to  reach  the  honey  at  the  base  of  the 
flower  must  grasp  the  sides  of  the  alse  and  thrust  its  proboscis  (at 
least  9  lo  10  mm.  long)  under  the  vexillum. 

The  alaa  surround  the  carina,  and  are  so  connected  with  it  that 
when  the  alip  are  depressed  the  carina  is  forced  down  with  them. 
This  connection  is  formed  in  three  ways :  (1),  a  deep  narrow  groove 
(3,  g)  exists  at  the  base  of  each  ala,  appearing  on  the  inner  side  as 


withered  autlusn ; 


PART  III.]  THE  MECHANISMS  OF  FLOV/ERS.  173 

a  sharp  ridge  (5,  6,  h)  which  fits  into  a  groove  on  the  carina  (4,  5,  i) ; 
(2),  a  sharp  triangular  tooth  (4,  5,  /)  is  borne  by  the  carina  behind 
this  groove,  and  .catches  in  the  space  (5,  6,  h!)  behind  the  ridge  on 
the  inner  surface  of  the  ala ;  and  (3),  the  upper  borders  of  the  alae 
are  folded  inwards  for  a  short  space  (3,  5,  6,  m'),  and  at  this  fold 
they  cohere  together  above  the  carina.  Close  in  front  of  the  spot 
where  the  upper  borders  of  the  alae  are  thus  firmly  applied  to  each 
other,  the  apex  of  the  carina  emerges  when  the  alae  are  pressed  down. 
The  upper  margins  of  the  carina  are  coherent  except  at  the  apex, 
where  they  leave  a  longitudinal  slit,  and  when  the  carina  (along 
with  the  alae)  is  depressed,  there  emerges  from  this  slit  a  ribbon- 
shaped  mass  of  pollen,  pressed  forwards  by  the  thickened  ends  of 

the  ten  stamens  (8,  p). 

When  the  pressure  is  removed  the  alae  and  carina  return  to  their 

former  position  ;  when  they  are  again  pressed  down  another  portion 
of  pollen  is  pressed  out.  After  the  greater  part  of  the  pollen  has 
been  squeezed  out  in  this  way,  the  stigma  (8  s)  emerges  at  the  same 
slit ;  it  has  lain  imbedded  in  pollen  in  the  carina  but  emerges  free 
from  it,  for  its  papillae  are  not  yet  adhesive  and  the  pollen-grains  are 
scraped  off  by  the  edges  of  the  slit. 

If  the  stigma  is  rubbed  with  slight  pressure  over  a  glass  plate  a 
line  of  moisture  marks  its  course ;  if  it  be  now  brought  in  contact 
with  pollen,  the  pollen  adheres  to  it  so  firmly  that  it  is  not  easily 
removed.  Doubtless  the  same  effect  is  produced  by  insect- visits  ; 
the  flower  gives  up  pollen  to  the  ventral  hairs  of  its  first  visitors ; 
and  after  its  pollen  is  spent,  the  superficial  cells  of  the  stigma 
coming  in  contact  with  the  insect  get  mptured  and  exude  their 
fluid  contents ;  pollen  from  other  flowers,  with  which  the  insect  is 
already  dusted,  now  adheres  to  the  stigma  and  the  act  of  cross^ 
fertilisation  is  complete.  Whether  in  absence  of  insects  the  flower 
is  fertilised  by  its  own  pollen  has  still  to  be  decided  by  a  simple  ex- 
periment. I  observed  the  following  bees  fertilising  this  plant  near 
Miihlberg  in  Thuringia,  July  11th  to  14th,  1868  :— 

(1)  Bombus  silvanim,  L.  ^  (10^),  s.  ;  (2)  B.  hortormn,  L.  ?  (21),  8.  ;  (3) 
B.  muscorum,  F.  J  (13—14),  s.  ;  (4)  Osniia  aurulenta,  Pz.  ?  (8 — 9),  c.p.,  (all 
very  frequent).  I  also  saw  Lyctena  alsus,  W.  V.  J ,  and  a  Capsus  \'ainly 
attempting  to  suck  the  honey.  1  have  seen  it  visited  on  the  Alps  by  12 
species  of  bees,  and  10  of  Lepidoptera  (609). 

Dmycnium  (Bonjeania)  hirsutum,  Ser. — According  to  Delpino, 
the  flower  has  a  piston-action,  and  the  ends  of  the  filaments  are 
thickened  (179,  p.  45). 

'  These  numbers  in  bmokcts  indicate  tlio  len^fth  of  tho  insect's  proboscis. 
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Tribe  Trifoliit. 
92.  Ononis  spisosa,  L, — This  plnnt  also  has  flowers  with  a 
piston-mechaaisni,  which  however  differ  materiallj  hotb  from  Lotus 
aod  AnthylliB.  They  are  devoid  of  lioney,  and,  like  almost  all  the 
booeyless  Papiiiunaceae,  monadelphou.i,  for  the  separatiou  of  the 
superior  stamen  in  other  forms  is  only  useful  in  giving  access  to  the 
honey.  The  alie,  which  serve  as  in  most  other  Fapilionaceaa  for 
bees  to  alight  on,  aud  as  levers  to  depress  the  carina,  embrace  the 
upper  pait  of  the  carina  (3,  Fig.  55)  and  are  united  to  it  by  two 
projections  directed  downwards  and  forwards  (5  d),  which  fit  into 
deep  grooves  in  the  two  halves  of  the  carina.  Two  lobes  at  the 
base  of  the  upper  borders  of  the  alse  (3,  6,  c)  directed  backwards, 
but  not  pouched,  lie  over  the  staminal  column  without  touching  it. 


and  can  give  little  help  in  keeping  the  parts  in  their  proper  places. 
The  two  alfe  never  cohere  with  one  another. 

The  upper  borders  of  tlie  carina  cohere  at  first,  leaving  a  small 
opening  at  the  tip,  and  the  poUen  is  squeezed  out  as  in  Lotus.  But 
sooner  or  later  after  repeated  depressions  this  suture  ruptures,  and 
now  if  the  carina  be  depressed  the  anthers  themselves  emerge.  Ifthe 
carina  was  not  thnist  down  too  far  they  return  within  the  carina 
when  the  pressure  is  relieved ;  but  if  the  carina  was  pressed  violently 
down,  as  it  frequently  is  by  bees,  the  anthers  remain  along  with  the 
stigma  partly  or  wholly  exposed.. 
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We  must,  therefore,  take  young  flowers,  to  see  the  squeezing 
out  of  the  pollen.  Thus  the  flowers  of  Ononis  aflFord  a  stage  inter- 
mediate between  Lotus  with  its  piston-mechanism,  and  Melilotus  in 
which  the  reproductive  organs  simply  emerge  from  the  carina. 

In  regard  to  the  formation  of  the  "piston,"  Ononis  stands 
between  Lotus  and  Anthyllis.  In  Lotus  the  five  outer  filaments, 
which  alternate  with  the  petals,  are  thickened  at  their  ends  to 
express  the  pollen ;  in  Anthyllis  the  ends  of  the  filaments  are  all 
thickened  alike ;  in  Ononis  they  are  all  thickened,  but  the  outer 
whorl  much  more  so  than  the  inner.  While  the  outer  stamens  thus 
perform  the  function  of  a  piston  to  a  greater  extent  than  the  inner, 
the  inner  (1  b)  produce  pollen  in  much  larger  amount  than  the  outer 
(1  a).  This  is  an  interesting  step  towards  separation  of  the  two 
whorls  of  stamens  for  two  distinct  purposes. 

Though  the  flowers  of  Ononis  possess  no  honey  they  are  visited 
by  numerous  bees,  but  in  the  number  of  their  visitors  they  are  far 
behind  Lotus,  which  has  abundant  honey.  It  is  curious  that  not  only 
female  bees  but  males  also  often  visit  several  flowers  in  succession 
and  perform  all  the  actions  of  sucking.  They  have  obviously  no 
outward  token  of  the  lack  of  honey,  but  must  discover  it  by 
experience.  The  females,  after  making  sure  that  there  is  no  honey, 
take  to  collecting  pollen ;  the  males,  on  the  other  hand,  abandon  the 
flowers  after  a  few  vain  attempts,  though  they  may  remain  some 
time  about  the  plant  in  pursuit  of  the  female.  The  visitors  are  ex- 
clusively bees,  and  mainly  forms  with  abdominal  collecting-brushes. 

A  Bees  with  abdominal  collecting-brushes  :  (1)  Osmia  aurulenta,  Pz.  ? 
(Thur.),  ab. ;  (2)  0.  aenea  L.  ? ,  freq.  ;  (3)  Megachile  versicolor,  Sm.  ?  (Haar) ; 
(4)  M.  pyrina,  Lep.  ?  (J ,  freq. ;  (5)  M.  circumcincta,  K.  ? ,  ab.  ;  (6)  M. 
maritima,  K.  $  ;  (7)  Anthidium  manicatum,  L.  $  (^ ,  ab. ;  (8)  A.  punctatum, 
Latr.  9  (J ;  {b)  Bees  with  tibial  pollen-baskets :  (9)  Apis  mellifica,  L.  t}  ;  (10) 
Cilissa  leporina, Pz.  ?  ;  (11)  Anthophora quadrimaculata,  Pz.  ?  (J,  ab.  (Thur.)  ; 
(12)  Bombus  lapidarius,  L.  §;  (13)  B.  terrestris,  L.  ?. 

Ononis  rejyens,  L.,  is  also  visited  exclusively  by  bees  (590,  ii. 

p.  254). 

According  to  Bentham,  most  species  of  Ononis  in  southern 
Europe  are  liable  to  abortion  of  the  corolla  in  spring,  and  cleisto- 
gamic  self-fertilisation  then  takes  place  (399,  p.  67;  531,  p.  312). 

ParocJuJctus,  Ham.,  has  cleistogamic  flowers,  according  to  Kuhn. 

93.  Medicago  sativa,  L. — Although  the  mechanism  of  this 
flower  has  been  several  times  the  subject  of  careful  study,  it  is  by 
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no  means  fulJy  esplained  yet.  I  hope  at  least  to  advance  our  know- 
ledge of  the  means  by  which  the  elastic  tension  of  tTie  parts  is 
produced  and  controlled.  Medicago  saiiiia  has,  like  Sarothamnus 
scopaiitts  and  Genista  tinctari.n,  explosive  flowers.  As  in  these 
latter,  the  staminal  column  before  explosion  is  inclosed  within 
the  carina,  whose  upper  edges  cohere  together ;  and  when  an 
insect  presses  down  the  carina  the  column  not  only  emerges  but 
springs  violently  up  and  is  unable  to  retnm  to  its  former  place. 
As  in  G.  tindoria,  the  reproductive  oi^ans  after  explosion  are 
pressed  against  the  vexillum  and  are  not  affected  by  further  insect 
visits.  But  Medicogo  so/itadiHers  from  these  two  plants  by  having 
both  the  elastic  tension  ami  the  force  whicli  restrains  it  localised  in 
different  parts  of  the  flower. 


].— YonoB  (virglnl  Bower  trom  Ulow. 

S. — Ditto,  (rnm  »boT«,  «nec  ninov«l  of  tlie 

3.— Innii  tIrv  or  rigbt  als. 

4.— CBrtn*  Hen  obliqaely  froni  »hovt 

fL-^Exploded  Doner  aecn  oUlqnelf  from  abore 


a,  oilTx:  6,  rBiniom:  c,  Hi*; 
"■nil ;  /,  i\t  (xtcnAI  aponlng  ; 
nls :  K  carins  ;  I,  InvagtBntid  p< 


of  nlm  directed  In 


nrn.  (>)i  k.UH 

i;  D,llttgQU>. 


While  in  Sarothamnus  it  is  the  style  only  which  acts  as  a 
Bpring,  in  Genista  tinetoria  the  column  tends  tt*  spring  upwards,  an<i 
the  aliE  and  carina  together  tend  to  spring  downwards.  In  Medicago 
sativa  the  elastic  tension  resides  almost  exclusively  in  the  upper 
stamens.  This  can  be  shown  clearly  by  dividing  the  upper  from 
the  lower  stamens,  whereupon  the  upper  part  of  the  bundle  curves 
still  more  strongly  upwards,  and  the  lower  part  sinks  down  till  it 
stands  almost  horizontal. 

In  Mrdv-ngo  sniwa  it  is  nol  the  rrilnTcnl  upper  margins  of  the 


■■F 
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carina,  as  in  Sarotharaniis  and  Genista,  which  prevent  tlie  column 
from  springing  up  io  the  young  flower,  though  these  margins  are 
coherent  here  also,  but  we  may  separate  them  completely  from  one 
another  without  explosion  taking  place.  The  structm^s  which 
prevent  it  are  two  pairs  of  prnjectiona  developed  on  the  petals  of 
the  carina  and  alee,  which  lie  upon  the  column. 

Two  are  directed  forwards,  and  consist  of  deep  pouches  in  the 
superior  basal  angles  of  the  carina  (i,  4,  5)  which  meet  in  the 
middle  line  above  the  column.  Into  these  fit  still  deeper  pouched 
processes  of  the  alae  (e,  2,  5),  which  both  connect  the  alaa  firmly 
with  the  carina,  and  also  help  to  strengthen  the  hold  upon  the 
column.  Tliese  anterior  pouches  of  the  alfe  (e,  2,  5)  are  only  a 
further  development  of  those  shallow  depressions  by  means  of  which 
the  ate  are  united  to  the  carina  in  Trifolium  and  Melilotus. 

Besides  this  anterior  pouch,  each  aia  possesses  at  the  base  of  its 
upper  border  a  long  finger-shaped  process,  which  is  directed  back- 
wards, and  is  u  further  development  of  that  which  we  shall  see 
appearing  in  Melilotus.  The  two  processes  (g,  2,  Fig.  56)  curve 
upwards  and  inwards  so  that  their  ends  almost  meet  in  the  middle 
line  above  the  staminal  column. 

If  in  a  young  flower  we  cut  through  the  claw  of  the  carina,  the 
column  springs  upwards  to  some  extent,  carrying  with  it  the  carina 
and  alie.  If  in  another  unexploded  flower  we  carefully  cut  through 
one  of  the  digitiform  processes  of  the  alae,  the  parts  remain  motion- 
less; but  on  cutting  the  process  of  the  other  side  explosion  at 
once  follows.  The  pouched  processes  of  the  carina  (i')  are  thus 
not  sufficient  to  hold  the  column  down  without  the  aid  of  the 
processes  (g)  of  the  alK,  nor  are  the  latter  suflicient  after  section 
of  the  carina.  Explosion  can  therefore  be  effected  equally  well  by 
separating  the  anterior  pouches  (e,  2),  by  separating  the  digitiform 
processes  {g,  2),  or,  finally,  by  depressing  the  alie  and  carina. 
If  an  insect  inserts  its  proboscis  in  the  middle  line  between  the 
anterior  pouches  and  the  digitiform  processes,  or  if  it  stands  upon 
the  aire  and  thrusts  its  head  in  the  middle  line  under  the  vex- 
tllum,  in  either  case  explosion  follows.  The  stigma  (o,  5)  projects 
beyond  the  anthers,  and,  therefore,  is  the  first  to  strike  the  under 
surface  of  the  bee's  body  or  proboscis  ;  an  instant  later  the  anthers 
come  in  contact  with  an  area  close  around  the  spot  that  the  stigma 
touched,  dusting  it  with  fresh  pollen.  The  first  flower  that  the 
insect  visits  is,  of  cour,je,  not  cross-fertilised,  but  as  the  bee  with- 
draws from  the  flower  sclf-fertihsat  ion  inevitably  occurs.  Self- 
fertilisation  is  undoubtedly  efficient,  for  Hildebrand  has  shown  that 
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dowers  which  wither  uuexploded  when  insects  are  excluded  produce 
seed  by  sell'-iertilisation. 

In  Spite  of  their  very  accurate  mechanism,  I  have  observed  by 
watching  insect- visitors  that  the  flywere  have  two  imperfections. 
In  the  first  place  they  continue  to  secrete  lioney  after  explosion, 
and  in  the  second,  tlie  young  uuexploded  flowers  very  frequently 
permit  insects  to  obtain  the  honey  without  performing  any  service 
in  return. 

It  is  plain  that  the  continued  secretion  of  honey  after  explo- 
sion is  detrimental  to  the  plant ;  for  it  leiids  the  insects  to  visit 
exploded  flowers  instead  of  restricting  their  visits  to  flowers  that  re- 
quire their  aid.  I  have  seen  hundreds  of  hive-bees  sucking  honey 
on  exploded  flowers,  thrusting  the  proboscis  laterally  over  one  of 
the  aim,  and  not  coming  in  contact  at  all  with  the  stigma  or  anthers, 
which  were  pressed  close  up  against  the  vexillum. 

The  other  imperfection  is  also  taken  advantage  of  by  the 
hive-bee,  as  Henslow  has  remarked.  The  bee  probably  finds  it 
unpleasant  to  have  its  proboscis  struck  by  the  exploding  column 
at  each  visit ;  for  it  prefers,  eyen  in  the  case  of  young  flowers,  to 
insert  its  proboscis  laterally  close  to  one  of  the  aire,  so  that  no 
explosion  results.  Although  hive-bees  are  by  far  the  most 
numerous  visiters  of  this  flower,  I  have  never  seen  them  effect 
explosion ;  but  I  have  often  observeil  them  from  a  short  distance 
acting  in  the  manner  just  described.  Though  I  have  frequently 
watched  this  plant,  I  have  never  succeeded  in  seeing  explosion 
actually  performed,  though  the  number  of  exploded  flowers  that 
we  meet  with  shows  that  it  must  take  place  very  frequently. 
Butterflies  visit  the  flowers  in  great  numbers,  and  it  is  doubtless 
by  them  that  explosion  and  cross -fL'rtilisation  are  effected ;  but  they 
ore  generally  too  wild  to  permit  close  observation  of  their  move- 
ments. Once  I  had  a  good  view  of  Hespcria  thauinas,  Hufti.,  suck- 
ing a  young  unexploded  flower,  but  like  the  bees  it  inserted  its 
proboscis  from  the  side  and  did  not  cause  explosion.  A  fine  needle 
inserted  in  the  middle  line  of  the  flower  causes  explosion,  and  the 
thin  proboscis  of  a  butterfly  is  undoubtedly  sufficient  to  do  the  same. 

A.  Hymenoptei«^j4j)i'(fo; ;  {1)  Apis  mellifica,  L.  fji  "i  ^^T  freq.  j  (3) 
Megachile  pyrina,  Lep.,  a.  B.  Lepidoptera — {a)  Rhopalocera  ■•  {S)  Fieria 
brasBice,  L.  ;  (4)  P.  rapiD,  L.  ;  (5)  P.  napi,  L.,  all  tbree  ab. ;  (6)  Vanewa 
urticse,  L. ;  (7)  Colias  hyale,  L.  ;  (8)  Satyrus  hyperanthus,  L. ;  (9)  T.ycaena 
argiolus,  L. ;  (10)  Heiiperia iLaumas,  Hufn.  ;  {b)  Noctva :  (_\\)  Plusia ganimo, L 
Fifteen  additional  vintors  (eleven  Afidir,  three  Lepidoplera,  and  Bembex 
roatratus)  are  reerinlcd  in  No.  590,  11. 
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94.  Medicago  falcata,  L. — Though  on  the  whole  the  flower 
of  tliis  species  resembles  that  of  M.  sativa,  it  possesses  certain 
peculiarities  which  facilitate  explosion,  and  make  it  more  difficult 
for  bees  to  obtain  the  honey  without  releasing  the  column.  For  the 
pouches  directed  forwards  and  the  pri>ccssea  directed  backwards  on 
the  alse  grasp  the  column  less  firmly,  as  may  be  seen  in  2,  Fig.  57, 
so  that  a  less  pressure  is  followed  by  explosion ;  but  on  the  other 
band  a  thin  proboscis  can  pass  more  easily  to  the  base  of  the  flower 
without  bringing  about  explosion.  The  aire  leave  less  room  for  a 
proboscis  to  cuter,  as  they  are  shorter  and  broader  and  rest  on  the 
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carina  for  a  shorter  space  in  their  basal  half.  Accordingly,  of  the 
very  many  bees  which  I  observed  on  flowers  of  M.  falcata,  I  did  not 
one  sucking  or  collecting  pollen  on  unexploded  flowers  without 
releasing  the  column,  but  I  saw  many  Lepidoptera  sucking  without 
causing  explosion.  The  flowers  of  M,  sativa  seem  fitted  rather  for 
fertilisation  by  Lepidoptera,  and  those  of  M.  falcata  rather  for  ferti- 
lisation by  bees.  And  my  lists  may  lead  us  to  conclude  that  the 
flowers  of  M.  aativa  offer  special  attractions  for  Lepidoptera,  and 
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those  of  M./alcata,  on  the  other  hand,  for  bees  ;  yet  I  .iiu  uut  iibli' 
to  account  for  tliis  difference  in  attractiveness. 

Visitors,  at  Rehmberg,  Thuringia,  July,  1868  : — 

A.  HymenopUjra— ji;iirf<E ;  (1)  Apis  mellitica,  L.  5.*-.  f™<i-i  (2)  Bombiie 
niusconim,  F,  9,  s.  ;  (3)  RhopLites  caiiUH,  Ev.  2  [J,  b.  ;  (4)  CJliiwa  leporina, 
Pk.  9  (J,  B.  and  c.p. ;  (5)  Andrena  denliculala,  K.  ?,  s.  ;  (6)  A.  fulvicnia, 
E.  2,8.;  (7)  HultctuB  quadriciiiutna,  F.  ?,  c,p.  ;  (8)  Nomada  Solidnginifli 
Pz.  ?,&;  (9)  N.  voria,Pi.  2,8.  ;  (10)  N,  ferri^inata,  K  2, a.;  (U)  Osmia 
aumlBnta,  Pz.  ^ ,  s.  and  cp.,  ab.  B.  Dipteni^(a)  Bombyliidie:  (12)  Sys- 
tiEchtu  sulfureuB,  Mik.,  e.  ;  {b)  Sgrphida :  (13)  Helophiliiit  trivittatus,  F. 
C.  Lepidoptera^(n)  Rhopalocera :  (14)  Hesperia,  s.  ;  (15)  Lyaena,  a,  ;  (6) 
Sphingtt :  (16)  Seflia  asiliformis,  Rott,  a. ;  (17)  Zyg^na  tamiolica,  Esp.,  ub.  ; 
[c)  NoctuiE:  (IS)  Euclidia  glypbica,  L.,  b.  Fuiir  additional  viaitors  {Lt/ii- 
lityptera)  are  recorded  in  No.  S90,  u- 

05.  Medicago  lupulina,  L. — The  flowers  of  this  species, 
wLose  upper  stamens  seem  to  possess  very  bttle  elasticity,  are 
exceedingly  minute  but  yet  attract  many  diligent  visitors. 

A.  HyniKUoptera— .djjWre .-  (1)  Apis  meUiflco,  L.  5i  ^'i  very  fniq.  (It  in 
charftcterietic  of  the  lioney-bee  that  it  does  not  disdain  even  tliis  flower's  tiny 
iUiTP.  of  honey.  Tlie  whole  inflorescence  is  pulled  down  by  the  weight  of  the 
bee,  which  then  eucks  the  flowers  head  downwanU.  It  auuks  &  few  Sowers,  al 
most  four,  on  one  inflorescence,  and  then  flies  away  to  anollier  plant  of  the  same 
species ) ;  (2)  Andrenii  convexiiiscula,  K.  2 .  s. ;  (3)  A.  lanthura,  K.  2 1  cp. ; 
(4)  Halictus  flavipes,  K.  2 1  c.p.  ;  (iS)  Bombiis  ngromni,  F.  9  5 ,  s.  B, 
Diptera — GmapidiK:  (6)  Myopa  buccata,  L.,  b.  ;  (7)  M.  testaten,  L.,  s. 
C.  Lepidopl«ra— KAo/w/ocera .-  (8)  Thecla  nili,  L.  ? ,  b. 

Darwin  also  saw  M.  lupulina.  visited  abundantly  by  bees.  He 
fuund  tlie  plants  very  much  less  fertile  when  protected  from  insects 

by  a  net. 

9G,  Melilotus  officinalis,  Willd. — Themechauism  of  the  Hower 
resembles  that  of  Tn/oUnm  reprns,  with  certain  slight  variations. 

The  calyx  is  much  shorter  (only  2  ram.  long)  and  at  the  same 
time  wider,  thus  admitting  iiisfcts  with  shorter  tongues  to  the 
honey,  and  also  giving  greater  range  of  movement  to  the  petals. 
The  alse  and  carina  can  rotate  much  farther  downwards,  since  their 
claws  are  not  adherent  to  the  staminal  column  as  in  T.  npens. 
Their  return  ta  their  former  place  when  relieved  from  pressure  is 
insured  by  two  finger-like  processes  (/)  which  replace  the  jjouches  of 
.  T.  repens  at  the  superior  basal  angle  of  the  alje ;  they  grnsp  the 
staminal  column  superiorly,  and,  when  the  carin.-e  are  drawn  down, 
they    separate    ahghtly    but    still    remain    closely  applied    to   the 
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staminal   column   ready   to  spring   back  and   grasp  it  as  firmly 
as   before.      The  stigma    projects   further   beyond    the   anthers 


than   in    T.    rcpenx,   so    that   self- fertilisation    is  rendered   even 
more  unlikely. 

VisilorB :  Hymenoptera — (a)  Apidie:  (1)  Apis  mellifico,  L.  i)  very  freq., 
s.  and  cp. ;  (2)  Andrena  dorsaU,  K.  9 1  b.  and  c.p. ;  (3)  HeriadeB  tmncorum, 
L.  $ ,  c.p.  ;  (4)  C<£liox7a  quadridentaU,  L.  ij ,  b.  ;  (5)  Osmia  ep. ;  (b)  ^htgida  : 
(6)  Aminophila  aabuloBa,  L.  J ,  b.  ;  (c)  TeatAredinidie :  (7)  Tenthtedo  Bp., 
Tainly  seeking  honey. 

97.  Melilotus  vuloabis,  Willd  (M.  alba,  Thouill.). — This 
species  is  visited  by  the  honey-bee,  which  I  have  found  in 
hundreds  busy  sucking  honey  and  collecting  pollen  on  the  plant : 
also  hyMacropis  laliata,  Pz.,  and  by  Emjits  livida,  L. 

98.  Tbifolium  repens,  L. — The  flora!  mechanism  is  here 
simpler  than  in  Lotus,  and  is  one  of  the  simplest  to  be  found 
among  Papilionacese.  Stamens  and  pistil  are  inclosed  in  the  carina ; 
when  the  latter  is  pressed  down  they  protrude,  but  they  return 
within  it  when  the  pressure  is  removed,  and  the  pollen  is  thus 
protected  from  the  weather  and  from  robbery.  As  in  all  other 
Papilionaceous  flowers  which  contain  honey,  the  honey  is  secreted 
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by  the  bases  of  the  cohering  stamens,  it  aiirrounds  tbe  base  of 
the  ovary,  and  can  only  be  reached  through  two  apertures,  one  on 
cither  side  of  the  base  of  the  superior  free  stamen.  An  insect, 
to  reach  the  honey,  must  thrust  its  head  in  beneath  the  vexillum, 
and  must  stand  in  doing  this  upon  the  two  alee.  In  climbing 
on  to  the  aire  aud  thrusting  its  head  below  the  vexillum,  it  forces 
up  the  latter  and  presses  the  alte  and  carina  down ;  and  the  re- 
productive organs,  protruding  from  the  carina,  are  forced  up  against 
the  ventral  surface  of  the  insect.     The  organs  all  return  to  their 


i:i: 


former  place  when  the  insect  leaves  the  flower;  and  cross -fertili- 
sation takes  place  regularly,  since  the  stigma  projects  slightly 
beyond  the  anthers  and  therefore  comes  first  in  contact  with  the 
ventral  surface  of  the  insect. 

In  addition  to  these  characters,  which  Trifolium,  r^ens 
possesses  in  common  with  many  other  Papilionaceous  flowers,  the 
following  are  peculiar  to  itfietf ;  (1)  the  arrangements  for  excluding 
certain  short-lipped  insects ;  (2)  the  conditions  of  rotation  of  the 
carina ;  (3)  the  provisions  for  bringing  back  the  parts  of 

flower  to  their  former  place  when  pressure  is  removed. 

The  calyx-tube,  which  surrounds  the  claws  of  the  petals 

limits  the  movements  of  the  vexillum  and  alte,  is  only  3  ram. 
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long;   so   that  the   less   specialised  bees,  such  as  Andrena  and 
Halidus,  are  not  shut  out  from  the  honey. 

(2)  The  aJse  cohere  with  the  carina  at  one  point  on  each  side 
(c',  2,  3,  Fig.  59),  so  that  both  rotate  upwards  and  downwards 
together;  this  rotation  is  facilitated  by  the  very  thin  and  weak 
claws  of  the  alse  and  carina,  which  adhere  for  the  greater  part  of 
their  length  to  the  staminal  tube,  but  are  free  anteriorly.  Since 
the  ate  project  considerably  beyond  the  carina,  they  play  the  part 
of  a  long  lever-arm  in  this  action.  The  long  anterior  end  of  the 
vexillum  has  a  similar  action. 

(3)  The  return  of  the  parts  to  their  original  position  is  brought 
about  chiefly  by  the  vexillum  and  the  ate,  in  addition  to  the  part 
played  by  the  calyx-tube.  The  strong,  broad  claw  of  the  vexillum 
overlaps  the  other  petals  and  the  reproductive  organs,  being 
closely  applied  to  them  above  and  at  the  sides ;  by  its  elasticity  it 
returns  forcibly  to  its  own  place  after  it  has  been  moved,  and  forces 
the  organs  within  into  their  place  also;  the  anterior  part  of 
the  staminal  column  is  also  kept  in  check  by  the  ate,  whose 
superior  basal  lobes  are  modified  into  two  vesicles  {y)  which  lie  close 
together  upon  the  upper  part  of  the  column. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  5 ,  very  ab.,  s. 
and  cp.  ;  (2)  B.  pratorum,  L.  9,8.;  (3)  Megachile  Willughbiella,  K.  ^ ;  (4) 
Halictus  tarsatus,  Schenck,  9  >  ^  >  (^)  H-  maculatus,  Sm.  $ ,  cp. ;  (6)  Andrena 
fulvicrus,  K.  9,8.  B.  Diptera — (a)  Syrphida:  (7)  Volucella  bombylans,  L., 
8. ;  (b)  Ckmopid(B :  (8)  Myopa  buccata,  L.,  s.  ;  (9)  M.  testacea,  L.,  s.  C.  Lepid- 
optera — Rhopalocera :  (10)  Pieris  brassicie,  L.,  s.  Of  these  visitors  it  is  only 
the  bees  that  act  in  the  manner  described  and  effect  cross-fertilisation  regularly  ; 
the  other  visitors  only  do  so  occasionally.     See  also  No.  590, 11.,  and  No.  609. 

The  Dutch  Clover  was  one  of  the  first  Papilionaceous 
flowers  in  which  the  necessity  of  insect-visits  for  full  productive- 
ness was  demonstrated.  Darwin  found  that  when  insects  were 
excluded  by  means  of  a  fine  net  the  plant  was  only  one-tenth 
as  productive  as  when  insects  were  freely  admitted  (152). 

99.  Tripoli  UM  fragiferum,  L. — This  species  agrees  generally 
in  the  characters  of  its  flower  with  T,  repens ;  but  the  flowers  are 
much  smaller,  the  calyx-tube  is  only  2  mm.  long,  and  the  ate  are  bent 
outwards.  I  have  seen  the  hive-bee  visiting  its  flowers  abundantly. 
Though  the  hive-bee  as  a  rule  keeps  very  strictly  to  one  species 
of  flower  for  a  time,  yet,  where  T,  fragiferum  and  T,  repens  grow 
together,  it  visits  the  flowers  of  both  indiscriminately. 
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100.  TBiFOLIliM  piiATESSE,  L — The  honey  lies  at  the  base  of  a 
tube,  9  to  10  mm.  long,  formed  by  cohesion  of  the  oine  inferior 
stamens  with  each  other  and  with  the  claws  of  the  petals;  it  is 
secreted  by  the  baeea  of  the  stamens,  and  accumulates  in  the  tube 
around  the  base  of  the  ovary.  But  while  in  Tri/oliuw.  repens,  as  in 
Lotus  and  most  other  PapilionaeeEB,  only  two  small  openings,  one  on 
either  side  of  the  base  of  the  superior  stamen,  give  access  to  the 
honey,  aud  compel  the  bee  to  thrust  its  proboscis  down  to  them 
outside  the  stamiual  tube,  in  T.  pratense  the  bee's  proboscis,  aftei' 
being  tliruat  under  the  vexillum,  passes  at  once  into  the  stamiual 
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tube,  to  which  in  this  case  the  claws  of  the  petals  are  adherent. 
The  insect's  proboscis,  passing  down  the  tube  in  the  middle  line 
superiorly,  would  he  impeded  by  the  superior  stamen  which  is 
inclosed  in  the  tube  if  this  retained  its  normal  position ;  but  its  two 
ends  only  are  situated  in  the  middle  line,  and  the  rest  of  the  stamen 
lies  wholly  to  one  side. 

From  the  anterior  end    of  the   common   tube   come  off  the 
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various  oigaiis  as  follows :  (1)  The  broaii  b^^  of  tfaf;  vezillarrj, 
which  is  contiauous  with    the    sup-ri*ir    &&•]    lat'^nJ    {Xfrtion- 
of  the  tube,  and  even  with  part  of  iia  int^TijT  asp^t  bj  meariis 
of  an  expansion  (j)  just  at  the  base  of  the  fr-re  limb.     '2^   Tne 
base  of  the  carina,  which  is  attached  ^>  the  iuknor  part  of  the 
edge  of  the  tube  in  the  interval  left  bv  trie  veziiluixi :   though 
not  half  so  broad  as  the  base  of  the  vezilium,  it  L^  br->a/l  and  htroog 
enough  to  return  quickly  to  iti  place  after  hh'urj  k:nt  dowDwanls. 
(3)  The  two  alae,  whose  flexible  claw-  spriri;?  fr/rxi  the  coruruon 
tube;    the   lamina  of    each  bulges   out   at    it^    lAse    '^y    rnor*- 
distinctly  than  in  T.  repens,  to  cover  over  tr*e  v^p  of  the  y^vuiAUiSui 
column  and  help  to  keep  it  and  the  p^taU  in  their  j/roj^er  rekitive 
positions.     (4)   The   staminal   tube,  which    U  ipljr   »:'ij#eriorly  t// 
admit  the  free  tenth  stamen,  and  which  'ilviJe-  ifj  the  hollow  of 
the  carina  into  stiff  filaments  which  cur^'e  upv^u-'ir  a.v:  are  »:li;;htJy 
thickened  at  their  ends. 

In  the  midst  of  the  stamens  lies  the  ^jT.;.:  '■';nlsi'j  '-ipwafi*-.  tiJi 
its  stigma  slightly  overtops  the  anther?. 

If  now  a  bee  inserts  its  ptfjhoichi  l>rLe^tii  the  veziii'^r/i,  i»hile 
it  clings  with  its  forelegs  on  to  the  ate  'which  arc  'jjr^hererjt  with  tfi^r 
carina)  resting  its  middle  and  hind  le;r%  on  a  iower  jArt  of  the 
inflorescence,  the  carina  and  abe  are  drawn  down»ari>;;  an/l  the 
stigmas  and  anthers  are  thni«t  up  agaiijj^^v  rhe  Myier  *fi/ie  of  ♦he 
bee's  head ;  the  stigma,  standing  h'yjh't^r.,  fe'^riv'fJt  the  jy/!Jen 
brought  by  the  bee,  and  instantly  aftemajii  the  ajithey>  'i'i»tt  the 
bee  with  fresh  pollen.  Cross-fenili'Wition  U  tfiV*  ;ii.>ijf'?'i  ;  v:lf- 
fertilisation  may  take  place  as  the  be«r  'iniw*  J-»a/;k  iv,  h<rwi,  hjt  ife 
probably  neutralised  and  superse^led  by  the  :r*M;-e'3i;»V;lv  \fT^:*^hu^ 
cross-fertilisation. 

In  order  to  reach  the  lioney  in  th:*;  wav  a^  inv^^.-t  rnu*t  p»iea?s 
a  proboscis  at  least  0  Vj  10  nr.ui.  lo;;^^  The  j/^JJcn  i".  a/y>^-AJb]e  V. 
all  insects  which  can  press  down  the  ^^irifiA  ,  ano  it  i^"  '  j'-ar  that 
bees  when  collecting  pollen  on  the  Sow^rr  j/^rfonrj  ^T'7?i*-fen:J:saT3vn 
as  well  as  when  «uckin£r  hone  v.  The  rcj  r  "ovcj  jjke  iijO^^.  3'  wers 
whose  honev  lies  more  than  7  \ij  U  jum.  'Jeep, ;-.  -:aUe  v>ri.e  a'-v:*:* 
of  Bvmhus  Urr^jfir^*  and  other  inw-'.-^fc  uhifh  tjt^  the  Lo!e=  Ti-a*  i^'- 
<^rrei^ri4has made.  Tlie  wnaiJ ^^j^hn  of  ' ivier  b^rc  iiie  cL^p::'-!-^ 
bv aggregation  into  hea.]-.  ?iii':  C'^r,*^::.  v- r.-  :s1.mj  :?i:.t  h  ^.eJ- 
(i)    R    iipid*rk.-    L    ^   r      K>-14    :     3     B.    R*;^::-:^  I'.:     ^^   =       ;'   /^^. 
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confMUB,  Schenck,  1}  ?  (12—14)  !  (7)  B.  niuscorum,  F.  ?  (13— U) !  (8)  B. 
fragrans,  K.  ?  (15)  !  (9)  B.  (Apathua)  nipeatriH.  F.  S  (1^)  !  (W)  B-  vcBtolin, 
Fourc.  ?  (12)  !  (11)  B.  cairipestria.  Pi.  ?  (10—12)  !  (12)  R  Barbuteilua,  K.  2 
(12)  !  all  B.,  some  also  c.p.  ;  (13)  (Bombus  terrestria,  L.  [7—9]),  bites  through 
the  tube  ond  bo  renchec  the  honey  with  some  delay, — it  haa,  however,  the 
advantAge  of  obtaining  honey  even  from  nnexpanded  tfowers ;  (14)  (B.  pratonini, 
L.  1}  [8]),  behaves  in  the  uaae  way)  ;  (15)  Apis  mellifica,  h.  ^  (6),  usually 
vitiitA  the  red  clover  onl;  for  ita  bnney,  which  its  probosuis  is  not  able  to  reiuh 
in  the  legitimate  manner, — yet  I  have  now  and  then  seen  hundreds  of  honey- 
bees on  a  patch  of  red  clover,  all  buay  collecting  pollen  ;  (16)  Anthophoiu 
pilipes,  F.  ?  (19-20),  b.  !  (17)  JIucera  longicornis,  L.  ?  (J  (10),  s.  !  (IS) 
Ciliflsa  leporina,  Pi.  9  (3i),  c.p.  !  (19)  Andrena  lanthura,  K,  J  (3),  cp,  ! 
(20)  A.  Schrankella,  Nyl.  $  (4)  ;  (21)  A.  fulvicrug,  K  5  (31)  ;  (2S)  A. 
fasciata,  Weara.  J  (J  (3 — 4), — all  three  sought  in  vain  for  honey,  their  coUeetinu- 
haire  remained  free  from  pollen ;  (23)  Colletes  fudiens,  K.  $  (^j),  c.p.  !  (24) 
HalictuB  flavipes,  K.  J  (21),  cp. !  (25)  Anthidiuni  manicatum,  L.  ?  (J  (9— 10)i 
8.  1  (26)  Megachile  circnmcincla,  L.  ?  (U),  s.  and  c.p.  !  (27)  Osmia  nnea, 
L.  9  (9—10),  a.  and  c.p.  I  (28)  Diphysis  Berratulie,  Pz.  ?  (7—8)  c.p.  !  B. 
Diptera- (a)  Bombyliuirt :  (29)  CSysKDchiin  aiilfureufl,  Mikan  [6—7]);  (A) 
Ssrphida :  (30)  (Volucella  bombylans,  L.  [7—8])  ;  (c)  Cowpida :  (31)  (Siuus 
ferrugineufl,  L.  [6 — 7]), — I  have  seen  alt  theae  three  fliea  thrusting  their  tongues 
beneath  the  veiilluni,  though  their  tongues  are  too  short  to  reach  the  honey  in 
the  legitimate  way).  C.  Lepidoptem— (a)  Rhopalocera  :  (32)  Pieris  braseicffi, 
L.  (15);(33)  P.  rap(e,L.  ;  (34)  Vanessa  urticw,  L.  (12)  ;  (35)  Satyms  MeRKra,  L. ; 
(36)  8.  Janira,  L,  ;  (37)  Hesperia  aylvaniis,  Eap.  ;  (38)  H.  thauraafl,  Hfn.  ;  (b) 
Noetux  :  (39)  Pluaia  gamma,  L.,  all  x. 

Trifolium  hadiu-m,  Schreb. — The  flower  is  in  like  maimer 
adapted  for  Lepidoptera.  On  the  Alps  I  found  it  visited  by  four 
Apidss  and  eleven  Lepidoptera  (609). 

Trifolium  alpcsire,  L. — The  flower  is  similarly  arranged,  and  was 
seen  to  be  visited  by  two  species  of  Apidse  and  nine  Lepidoptera 
{Weil.  Beob.    n.). 

Kuhn  describes  cleistogamic  flowers  in  Trifolium  (399),  and 
T.  polym-orphujii  is  cleistogamic  according  to  Darwin  (Forms  of 
Flowers,  2nd  ed.). 

Trifolium  alpinum,  L.,  T.  palleacens,  Schreb.,  and  T.  nivale,  Sieb. 
(_T.  prateTise,  L.,  var.  nivale),  are  described  in  my  AlpevMumen 
(No.  609). 

101.  Trifolium  arveuse,  L. — The  tube  is  hardly  2  mm.  long. 
Visitors:  A,  Hymenoplera-.(n)  Apida :  (1)  Apis  mellifica,  L.  i?  ;  (2; 
Bom'-HS  RajelluB,  111.  J  ^ ,  very  freq.  ;  (3)  B.  lapidarius,  L.  5  ;  (4)  Ciliasa 
leporina,  Pz.  9  ;  (5)  Andrena  xaothura,  K.  2  i  (8)  Halittus  lonnlna,  Sm.  9  [ 
(7)  H.  quadricinctus,  F.  9  ;  (8)  Colletea  niftigtnata,  Sm.  (J ;  (9)  Diphysis 
aerratulie,  Pz.  ^;  (10)  Osmia  cietnentttria,  Gerst,  <J  (Thur.)  ;  (11)  Megachile 
maritima,  K  ^,all  sucking  only;  (6)  Sphegidte:  (12)  Psammophila  affinis, 
£*,  H,     R  Lepidoptera — (13)  Hesperia  thaiuna.^  Hiifn.,  s. 
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102.  Trifolium  RUBENS,  L.  (Thuringia,  Rehmberg  near 
Muhlberg). — This  species  shows  certain  adaptations  for  Lepi- 
doptera  as  well  as  for  bees ;  I  have  found  it  visited  by  six  species 
of  Bombus  and  Anthophora,  and  by  seven  species  of  Lepidoptera. 

103.  Trifolium  filiforme,  L  : — 

Visitors  : — Aptdce :  (1)  Apis  mellifica,  L.  Q ,  s.  ;  (2)  Halictus  albipes,  F.  $  ^ 
8.  ;  (3)  H.  cylindricus,  F.  ? ,  c.p.     Lepidoptera :  (4)  Lycaena  segon,  9.V.8. 

104.  Trifolium  medium,  L.  : — 

Visitors:  Apidos:  (1)  Andrena  dorsata,  K.  9*  ^.p*  ;  (2)  Bombus  agrorom, 
F.  $ ,  sucking  normally.   Eleven  additional  visitors  are  recorded  in  No.  590, 11. 

105.  Trifolium  procumbens,  L.  : — 

VisitoTB :  Apida :  (1)  Apis  mellifica,  L.  ^ ,  s. ;  (2)  Halictus  flavipes, 
K.  9 ,  8.     Five  additional  visitors  are  recorded  in  No.  590,  n. 

106.  Trifolium  montanum,  L. — I  have  found  this  species 
visited  in  Low  Germany  by  four  Apidse,  one  Sphegidae,  and  four 
Lepidoptera  (590,  II.) ;  on  the  Alps  by  eight  Apidae  and  eight 
Lepidoptera  (609).  Besides  the  adaptations  to  bees  usual  in 
Papilionaceae,  it  shows  an  adaptation  to  cross-fertilisation  by 
Lepidoptera,  the  closely  folded  vexillum  bringing  the  insect's 
proboscis  in  contact  with  the  stigma  and  anthers. 


Genistece. 

107.  LuPiNUS  luteus,  L. — The  flowers  of  Lupinm  Ivieus,  like 
those  of  Ononis  spinosa,  are  devoid  of  honey  and  are  provided 
with  a  piston  apparatus ;  they  present  the  following  peculi- 
arities:— The  alae  are  coherent  with  one  another  at  the  an- 
terior border,  and  each  possesses  a  lateral  fold  near  its  base,  fitting 
into  a  depression  in  the  carina.  They  surround  the  carina  as  in 
Lotus,  but  are  flat  instead  of  being  strongly  convex,  and  since  the 
sides  of  the  vexillum  are  bent  backwards  the  flower  is  more  con- 
spicuous from  the  side  than  from  the  front.  The  division  of  labour 
which  began  to  be  marked  in  Ononis  between  the  two  whorls  of 
stamens,  one  whorl  producing  the  pollen,  the  other  pressing  it 
forwards,  is  much  more  complete  in  Lupinus  (1,  2,  Fig.  61).  The 
anthers  of  the  five  outer  stamens  are  much  larger  than  those  of 
the  inner ;  they  dehisce  within  the  bud,  while  the  others  are  much 
shorter  and  very  far  from  maturity  (1,  Fig.  61) ;  and  then  after 
placing  their   pollen   in   the   apex   of   the   carina,   they   wither 
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completely,  and  remaiu  in  the  wide  lower  part  of  the  caiina 
(2,  Fig.  61).  The  five  inner  anthers  now  hegin  to  grow  rapidly,  and 
squeeze  the  pollen  in  the  point  of  the  carina  more  hj  means  of  their 
anthers,  which  remain  spherical,  than  by  the  thickened  ends  of 
their  filaments ;  they  thus  do  the  work  of  a  piston,  except  the 
superior  stamen  (1),  which  remains  inferior  to  the  others  in  length 
and  thickness. 


L 


The  spherical  stigma  is  surrounded  at  its  base,  like  that  of  the 
Laburnum,  by  a  ring  of  stiff  erect  hairs  which  prevent  or  limit  the 
application  of  its  own  pollen. 

I  have  noticed  only  the  following  visitors : — 

Hjmenoytera—Apida:  (1)  Apin  inelliRoi,  L.  (J,  ab.,  c.p.  ;  (2)  Bombna 
lapidariun,  L.  (J ,  scarce,  cp.  ;  (3)  Megachile  circumcincla,  K.  J ,  c.p. 

The  flower  of  Lupinus  alinis  differs  in  certain  points  from  the 
preceding  species  (cf.  Delp.  178,  pp.  46,  47). 

Lvpimis,  sp. — Mr.  Swale  observed  that  in  New  Zealand  cultivated 
varieties  of  Lupiuus  were  unfertile  unless  he  released  the  stamenn 
with  a  pin.  In  England,  according  to  Darwin,  the  Lupines  are 
fertilised  by  humble-bees,  not  by  hive-bees  (152). 


108.  Genista  tikctoria,  L. — In  the  young  bud  the  ten  si 
are  distinctly  seen  to  form  two  whorls  (1,  Fig.  C2).  Tlie  five 
anthers  of  the  outer  whori  (2,  4,  6,  8,  10  in  1.  Fig.  62),  overtop 
those  of  the  inner,  and   ihe   four   superior  one.i  are  the  first  to 
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ripeo.  In  the  bud,  they  are  already  ou  the  jwint  of  dehiscing,  while 
those  of  the  inntir  wliorl  have  attained  scarcely  a  quarter  of  tbeir 
full  size.  The  ten  stamens,  and  the  style,  which  projects  far  beyond 
them,  are  all  inclosed  by  the  carina,  -whiiee  two  petals  cohere  along 
both  their  upper  and  lower  margins.  As  the  four  superior  anthers 
of  the  outer  whorl  dehisce  ititrorsely  and  then  wither,  their  pollen 
remains  lying  above  the  style,  which  courses  along  the  lower  edge  of 
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the  carina,  and  it  gets  pushed  forward  into  the  apex  of  the  still 
elongating  carina  by  the  inner  stamens  which  (piickly  extend 
beyond  the  now  empty  outer  stamens.  The  inferior  stamen  of 
the  out«r  whorl  (6  in  1,  Fig.  62),  which  hes  inuneiliately  below  the 
style,  remains  closed  when  the  other  four  dehisce,  and  it  grows  to  the 
same  length  as  the  Hve  inner  stamens  and  dehisces  with  them. 


J 
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If  it  dehisced  along  with  the  other  four  stamens  of  its  own 
whorl  and  then  withered,  its  pollen  would  lie  useless  in  the  lower 
part  of  the  cajina,  a  little  in  front  of  its  middle  point,  and  would 
never  be  pressed  forward  ;.  but  since  it  grows  to  the  same  length  as 
the  inner  stamens  and  dehisces  simultaneously  with  them,  its 
pollen  unites  in  great  part  with  that  of  the  two  neighbouring 
stamens  (5  and  7  in  1,  Fig.  62),  and  is  heaped  with  it  above  the 
style. 

The  inner  whorl  of  stamens  and  the  inferior  stamens  of  the 
outer  whorl  dehisce  and  wither  a  short  time  before  the  vexiUum 
expands.  The  position  which  the  oigans  occupy  at  this  time 
within  the  carina  may  be  easily  seen  by  holding  the  carina  up  to 
the  light,  and  is  represented  in  2,  Fig.  62, 

Thcf  carina  still  forms  a  much  compressed  sheatli,  closely 
surrounding  the  style  and  the  pollen  of  all  the  ten  stamens  which  is 
heaped  above  it.  It  is  kept  horizontal  by  the  aetion  of  two  equal 
and  opposite  forces.  The  column  of  stamens  with  the  contained 
style  possesses  a  tension  upwards,  so  that  if  it  be  freed  from  the 
surrounding  petals  it  springs  up  close  to  the  perpendicular  vexillum. 
The  claws  of  the  alse  and  of  the  two  petals  which  form  the  carina 
possess  a  downward  tension,  and  if  the  upwanl  pressure  of  the  style 
is  removed,  they  suddenly  bend  downwards  and  plaoe  the  alee  and 
carina  in  a  vertical  position.  The  alie  are  kept  in  connection 
with  the  carina  by  means  of  a  bulging  protuberance  at  the  base 
and  near  the  upper  border  of  each  (k',  3,  5,  6),  which  lies  in  the 
angle  between  tlje  upper  border  of  the  carina  and  another  pro- 
tuberance directed  outwards  and  upwards  from  each  half  of  the 
carina  near  its  base  (A,  7). 

The  opposite  tensions  balance  one  another  so  long  as  the  upper 
borders  of  the  carina  cohere  together  (n,  5)  and  the  pouched  lobes  of 
the  alae  (m,  5)  meet  one  another  above  the  staminal  column. 

As  soon,  however,  as  an  insect  places  its  feet  iipon  the  alse  and 
thrusts  its  heax.1  beneath  the  vexillum,  the  pouched  lubes  of  the  aliB 
slip  down  below  the  staminal  column  {m,  6) ;  at  the  same  time  the 
union  between  the  upper  borders  of  the  carina  is  ruptured  from 
behind  forwards  by  the  pressure  of  the  essential  organs  in  its  posterior 
part,  and  as  soon  as  the  splitting  reaches  the  tip  of  the  style  the 
two  opposite  forces  are  set  free,  and  the  staminal  column  springs 
upwards  while  the  alfe  and  carina  spring  downwards.  If  we  hold 
the  flower  in  one  hand,  and  press  down  the  tip  of  the  carina  with 
a  needle  or  a  pencil-point,  we  see  clearly  the  split  spreaiUng 
forward?,  and  the  pouched  lobes  of  the  aire  separating,  so  that  the 
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flower  passes  from  the  young,  closed  state  (Fig.  62,  5)  to  the  half- 
opened  state  (Fig.  62,  6) ;  if  we  press  a  little  harder,  the  split 
passes  forward  beyond  the  tip  of  the  style  (Fig.  62,  8),  and  in  the 
same  instant  the  column  flies  upwards  to  the  vexillum,  scattering 
a  cloud  of  pollen,  and  the  alse  and  carina  spring  down  into  the 
vertical  position. 

If  an  insect  performs  the  above  operation  while  standing  on  the 
alsB  and  thrusting  its  head  beneath  the  vexillum,  the  column  is  pre- 
vented from  springing  up  to  its  full  height ;  it  cannot  scatter  a  cloud 
of  pollen  into  the  air,  but  the  ascending  style  forces  its  stigma  and 
instantly  afterwards  the  mass  of  pollen  against  the  under  side  of 
the  insect.  If  the  insect  has  been  dusted  with  pollen  in  a  pre- 
viously visited  flower,  cross-fertilisation  is  thus  effected  ;  if  not,  the 
stigma  is  dusted  with  its  own  pollen  as  the  insect  creeps  backwards 
out  of  the  flower.  Whether  self-fertilisation  occurs  in  absence  of 
insects  is  a  point  that  has  still  to  be  settled  by  experiment. 
Specimens  with  young  virgin  flowers  which  I  left  standing  in 
water  for  over  fourteen  days  withered  without  either  exploding 
or  producing  seed. 

Since  the  flowers  contain  no  honey,  and  expend  all  their  pollen  in 
a  single  explosion,  after  which  the  staminal  column  and  style  are 
concealed  by  the  vexillum  which  closes  over  them  as  in  the  bud, 
they  can  only  ofiFer  attractions  for  pollen-collecting  insects,  viz.  : 
female  bees  busy  with  the  care  of  their  young  ;  and  even  these  are 
only  permitted  a  single  visit.  The  flowers,  however,  are  visited  by 
very  various  insects,  which  fly  away  after  a  vain  attempt  to  obtain 
pollen  or  honey.  I  observed  the  following  visitors  in  sunny  weather 
in  July,  1869,  on  a  stretch  of  land  covered  with  G.  tinctoria  near 
Brilon  and  Warstein  : — 

A.  Hymenoptera — (a)  Apidof :  (1)  Megachile  circumcincta,  K.  ? ,  very  ab., 
c.p. ;  (2)  M.  centuncularis,  L.  ?,  very  ab.,  c.p., — the  males  occasionally  seek 
in  vain  for  honey  ;  (3)  M.  villosa,  Schenck,  9 ,  one  specimen,  c.p.  ;  (4)  M. 
versicolor,  Sm.  $,  freq.  ;  (5)  M.  Willughbiella,  K.  i  ;  (6)  Diphysis  serratulae, 
Pz-  i  ;  (7)  Anthidium  punctatum,  Latr.  ^ , — the  last  three  come  in  vain 
Hearch  for  honey  ;  (8)  Apis  mellifica,  L.  9 »  ah.,  c.p.  ;  (9)  Bombus  teirestris, 
L,  $ ,  scarce,  c.p.  ;  (10)  CoUetes  Davieseana,  K.  9 ,  c.p. ;  (11)  Andrena  albicrus, 
K.  (J;  (12)  A.  fulvescens,  Sm.  (J,— both  vainly  seeking  honey;  (13)  A. 
xanthnra,  K.  ^  ;  (14)  A.  fulvicrus,  K.  ?  ;  (15)  Halictus  rubicundus,  Chr.  ?  ; 
(16)  H.  albipes,  F.  ?  ;  the  last  four  scarce,  -xi.p.  (all,  including  the  honey- 
seeking  males,  caused  the  flowers  to  explode,  and  effected  cross-fertilisation).  (6) 
Vespida:  (17)  Odynerus  trifasciatus,  F.  ?.  B.  Diptera— (a)  Conopidcp :  (18) 
Sicuii  femighieus,  L. ;  (19)  Myopa  testacea,  L.  ;  (6)  SyrphidcE :  (20)  Chryso- 
toxum   bicinctum,  L     V.    Lepidoptera— iJ^opa/ocero ;  (21)  Satynis  Megaera, 
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L. — tlie  last  five  obtained  neitlier  honey  por  pjUen,  and  diJ  not  tause  the 
flowen  to  eiplode.  D.  Coleopleta—C/ir^ioinell'la:  (22)  Cn-ptoeephalua 
«eric«tifl,  L. ;  (33)  Cr.  vittatas,  F. ;  (24)  Cr.  niorffii,  L.,  ft;ediiig  on  the  tisanes  uf 
the  flower.    Fonr  additional  vieiton  are  rei-ordcd  in  Ku.  590,  IL 

This  list  is  of  special  interest,  as  it  shows  that  flower-loving 
insects  do  not  restrict  themselves  by  hereditary  instinct  to  thoso 
flowers  which  are  most  useful  to  them,  but  that  they  search  widely 
for  their  food  in  flowers,  and  so  very  often  seek  in  vain. 

Of  the  pollen-collecting  bees,  those  with  abdominal  collecting- 
bruahes  have  the  easiest  work,  since  the  explosion  of  the  flower' 
forces  the  pollen  directly  on  to  the  collecting- hairs ;  they  are  also 
the  most  useful  to  the  plant,  as  they  fly  from  flower  to  flower  with 
least  loss  of  time.  • 

109.  Genista  anguca,  L. — In  this  species  the  opposed 
tensions  of  the  coltimn  on  the  one  liand  and  the  alse  and  carina  on 
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the  other  are  much  leas  marked.  When  the  flower  explodes,  the 
carina  and  alie  move  only  a  short  way  downwards,  and  the  whole 
column  does  not  bend  upwards,  but  only  the  style,  whose  tip  curves 
inwards  also.  The  only  visitors  that  I  have  noticed  are  bees  with 
tibial  and  femoral  collecting-baskets.  But  it  would  be  premature 
to  conclude,  even  in  the  case  of  G.  tinct.orin,  that  because  its 
flowers  are  chiefly  plundered  and  fertilised  by  bees  with  abdominal 
brushes,  they  have  been  specially  adapted  only  for  those  bees. 

I  had  a  most  favourable  opportunity  of  watching  the  actions 
of  the  hive-bee  on  flowers  of  G.  anijlirii  one  sunny  morning, 
May  3,  1871.     It  was  the  first  sunshine  afler  long-continued  rain, 
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and  so  all  the  flowers  were  still  unfertilised.  The  hees  flew 
humming  from  one  flower  to  another,  clung  by  their  legs  to  the 
alse,  and  thrust  their  heads  with  outstretched  proboscis  beneath 
the  vexillum  while  the  abdomen  hung  down.  While  the  head 
and  its  proboscis  were  thus  placed  just  as  if  they  were  sucking 
honey  from  the  base  of  the  flower,  the  midlegs  were  in  active 
movement,  scraping  pollen  into  the  baskets  on  the  hindlegs.  On 
May  14,  1871, 1  again  watched  the  hive-bee  at  work,  when  most 
of  the  flowers  had  now  exploded.  A  single  bee  flew  on  to  ten  or 
twenty  plants,  whose  flowers  had  all  been  fertilised,  without 
stopping  on  any  flower.  At  last  it  found  a  young  unfertilised 
flower,  on  which  it  eagerly  descended.  This  long  search  and 
occasional  descent  upon  young  unfertilised  flowers  was  frequently 
repeated ;  but  sometimes  I  saw  a  bee,  after  seeking  in  vain  for 
young  flowers,  settle  on  an  old  exploded  one,  and  insert  its  pro- 
boscis as  if  the  flower  contained  honey.  Sometimes  also  I  saw  a 
hive-bee  visit  a  young  flower  without  causing  it  to  explode. 

Besides  the  hive-bee,  I  have  only  seen  Andrena  fulvicrus, 
K.  9iA,  nigro-aeiica,  K.  ? ,  and  Halictus  cylindricus,  F.  ?  >  collecting 
pollen  on  this  plant,  all  very  frequently. 

110.  Genista  pilosa,  L. — The  mechanism  of  this  flower  is  like 
that  of  G.  anglica.  It  has  been  thoroughly  described  by  Delpino, 
who  found  the  plant  sterile  to  its  own  pollen  (178,  360).  I  have 
only  seen  the  honey-bee  collecting  pollen  on  it. 

111.  Cytisus  Laburnum,  L. — In  the  flowers  of  Cytisus  La- 
hurnum,  as  in  those  of  Melilotus  and  Trifolium,  the  reproductive 
organs  simply  emerge  from  the  carina  and  return  within  it.  The 
connection  of  the  alse  with  the  carina  is  not  a  firm  one,  being 
formed  simply  by  a  shallow  bulging  depression  in  each  ala  (e,  1) 
which  fits  into  a  corresponding  depression  on  the  side  of  the 
carina ;  yet  this  is  quite  sufficient,  as  a  slight  pressure  suffices  to 
depress  the  alse  and  cai'ina.  The  elasticity  of  the  carina  is  small ; 
it  is  sufficient  to  bring  the  carina  back  to  its  original  place  after 
repeated  slight  depressions,  but  not  sufficient  if  the  carina  be 
pressed  far  do\^n.  Accordingly,  after  repeated  visits  of  humble- 
bees  the  essential  organs  protrude  freely  from  the  slit. 

The  flowers  are  characterised  by  a  peculiar  kind  of  proteran- 
drous  dichogamy.  Immediately  before  the  bud  expands,  the  stigma 
lies  in  the  apex  of  the  carina  surrounded  by  transparent,  stiff*,  erect 
hairs ;  these  overtop  the  stigma,  and  in  the  young  flower  they 
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beud  over  ita  papillar  surface,  protecting  it  from  immediate  con- 
tact with  the  insect-visitor.  Gradually  tliese  hairs  wither,  so  that 
in  older  flowers  the  stigmatic  papillie  are  freely  exposed  (5,  Fig.  64), 
and  at  the  same  time  the  style  bends  more  and  more  inwards,  SO 
that  the  stigma  protrudes  farther  and  farther  from  the  carina. 
Cross-fertilisation  is  thus  insured  and  aeli'-fertilisation  prevented 
in  case  of  insect-visits,  wliile  spontaneous  self- fertilisation  is  also 
prevented  in  absence  of  insects. 

The  moat  remarkable  peculiarity  in  the  flowers  of  the  La- 
burnum is  that,  like  those  of  Orchis  masnila,  0.  morio,  &c.,  they 
only  supply  nectar  inclosed  in  cellular  tissue.  The  ordinary 
secretion  of  honey  and  the  ordinary  means  of  access  to  the  honey 


are  here  wanting,  and  the  stamens  arc  mouadelphous ;  but  in' 
front  of  the  point  of  attaehnieut  of  the  vextlhim  is  a  thick,  fleshj 
swelling,  so  rich  in  honey  that  if  a  fine  glass  tube  be  inserted  in  iK 
a  column  of  clear  fluid  ascends  the  tube.  The  vexillum  is  marked: 
with  dark  lines  pointing  towards  the  base  of  the  flower,  which 
only  be  interpreted  as  pathfinders,  and  an  insect's  proboscis  inserted 
beneath  the  vexillum  comes  without  fail  to  the  nectary.  I  have 
seen  both  bees  and  butterflies  inserting  their  tongues  into  numeroiU' 
flowers  in  succession,  spending  some  time  on  each  ;  the  bees  had 
their  pollen-baskets  empty,  and  were  therefore  not  engaged  in 
collecting  pollen.  It  seems  therefore  impossible  to  doubt  that  the 
swelling  at  the  base  of  the  vexillum  is  actually  pierced  by 
and  butterflies  for  the  sake  of  its  secretion. 


erced  by  beOk 
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A.  Hymenoptera — Apidce :  (1)  Bombus  lapidarius,  L.  ?  § ,  Bometimes  s., 
Bometimes  cp. ;  (2)  B.  teirestais,  L.  ? ,  a. ;  (3)  Andrena  atricepB,  K.  $  (J ,  8.  ; 
(4)  A  albicans,  K.  9,  cp.  ;  (5)  A.  xantbura,  K.  ?,  cp.  ;  (6)  Apis  mellifica, 
L.  9 1  c.p->  very  ab.  B.  Lepidoptera — Noctuce :  (7)  Plusia  gamma,  L.,  s.,  freq- 
C.  Coleoptera — Nitidulidce:  (8)  Meligethes,  creeping  about  witbin  tbe 
flowers. 

Cytisus  sagittalis,  Koch,  is  visited  by  bees  only  ;  I  have  noted 
eight  different  species  upon  its  flowers  (590,  li.). 

In  Cytisus  canariensis,  L.,  and  C.  albtts,  Link.,  according  to 
Hildebrand,  the  carina  bends  down  slightly  under  pressure,  and 
the  anthers  and  style  first  move  slightly  downwards  with  it,  and 
then  spring  upwards  so  that  the  pollen  flies  out  and  part  of 
it  is  applied  without  fail  to  the  stigma  (No.  346).  It  is,  however, 
hardly  conceivable  that  such  an  action  effected  by  insects  should 
lead  only  to  self-fertilisation. 

112.  Cytisus  (Sarothamnus)  scoparius,  Koch. — The  flowers, 
like  those  of  our  species  of  Genista,  are  explosive  and  devoid  of  honey. 
Darwin  noticed  that  the  flowers  do  not  explode  spontaneously,  and 
scarcely  set  a  single  capsule  if  protected  from  insects ;  but  that 
when  an  insect  visits  the  flower,  firet  the  short  stamens  explode,  dust- 
ing it  with  pollen  below,  then  the  longer  stamens,  dusting  it  above, 
and  that  finally  the  pollen  applied  to  the  under  side  of  the  insect 
by  the  shorter  stamens  fertilises  those  stigmas  which  are  not 
covered  with  pollen  at  the  moment  of  explosion. 

I  have  observed  the  way  in  which  insects  operate  on  the  flower 
most  closely  in  the  case  of  the  hive-bee.  The  bee,  on  alighting^ 
grasps  the  alae  with  its  mid  and  hindlegs,  thrusting  its  forelegs  and 
head  below  the  middle  of  the  vexillum.  The  alsB  and  with  them 
the  carina  are  thus  pressed  forcibly  down,  and  the  united  upper 
margins  of  the  carina  split  asunder  from  behind  forwards.  [The 
alae  are  connected  with  the  carina  by  means  of  a  fold  (/,  46)  which 
catches  in  the  angle  between  the  upper  edge  of  the  carina  and  the 
sharp  pouched  protuberance  at  its  side  (/,  4,  4c,  6)].  As  soon  as 
the  split  has  extended  midway,  the  five  shorter  stamens  spring  out ; 
they  had  dehisced  in  the  bud,  pressing  their  pollen  against  the 
closed  upper  edge  of  the  carina  (5,  Fig.  65),  and  now  they  force 
part  of  their  pollen  against  the  under  side  of  the  bee.  The  shock 
is  not  enough  to  drive  the  bee  away ;  at  most  it  pauses  for  a 
moment,  and  then  resumes  work  with  increased  diligence.  The 
split  now  quickly  extends  further,  and  it  has  scarcely  reached  the 
place  where  the  tip  of  the   style  lies  than  a  second  and  much 

o  7. 
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against  its  back,  it  stays  for  some  seconds  motionless  as  though 
stunned,  and  then  turns  round,  freeing  itself  from  the  style, 
and  begins  to  gather  pollen  upon  the  anthers  with  its  mouth 
and  legs. 

The  behaviour  of  humble-bees  is  on  the  whole  similar  to  that 
of  the  hive-bee.  But  while  the  hive-bee  is  only  strong  enough 
to  cause  the  flower  to  explode,  often  causing  only  the  shorter 
stamens  to  escape,  humble-bees  are  able  easily  to  force  open  any 
flower  in  which  the  vexillum  has  become  erect ;  and  they  may  be 
seen  not  unfrequently  to  break  open,  though  with  considerable 
efiFort,  flowers  in  which  the  alsB  are  still  inclosed  by  the  vexillum. 

Cross-fertilisation  is  insured,  since  the  stigma  is  always  mature 
in  flowers  capable  of  exploding,  and  since  the  bee*s  back  is  always 
touched  by  the  stigma  an  instant  before  the  fresh  pollen  is  applied 
to  it.  And  even  the  flower  to  which  the  bee  pays  its  first 
visit,  and  whose  stigma  is  not  pollinated  in  the  first  instance,  has 
a  fair  chance  of  being  fertilised  subsequently,  as  the  style  curls 
round  so  far  as  to  bring  the  stigma  again  uppermost.  A  second 
visitor  can  therefore  easily  apply  pollen  to  it  from  the  same  or  from 
another  flower,  and  the  flower  is  certain  to  be  again  visited.  I 
have  only  occasionally  seen  hive-bees  and  humble-bees  visit 
exploded  flowers,  but  the  pollen  that  they  leave  is  gleaned  by  the 
smaller  bees,  flies,  and  beetles,  which  are  not  strong  enough  to 
force  open  the  young  flowers.  I  have  found  females  of  Andrena 
ftdvicnis,  K.,  Halictus  zonnhcs,  Sm.,  and  Osniia  ficsr^,  Chr.,  busily 
collecting  pollen  on  exploded  flowers ;  Rhinaia  rostrata  and  the 
beetles  Meligethes  and  Anthobium  are  often  to  be  seen  feeding  on 
these  remnants  of  pollen.  There  is  no  doubt  that  many  flowers 
of  Sarothamnus,  which  have  been  exploded  by  bees  not  yet  dusted 
with  pollen,  are  fertilised  by  such  supplementary  visitors.  The 
shorter  stamens  which  apply  their  pollen  to  the  under  sides  of  bees 
or  of  Rhingia,  and  the  position  of  the  stigma  after  explosion  when 
it  also  is  liable  to  come  in  contact  with  the  under  surfaces  of 
insects,  stand  in  close  relation  with  this  supplementary  process  of 
fertilisation. 

In  the  Broom  as  in  Laburnum,  the  vexillum  is  marked  in  its 
lower  part  by  dark  lines  coursing  towards  the  base  of  the  flower. 
If  the  flower  contained  honey,  these  lines  could  only  be  explained 
as  pathfinders,  but  here  the  flowers  have  neither  any  free  honey 
nor  a  nectariferous  swelling  such  as  exists  in  and  round  the  in- 
sertion of  the  vexillum  in  Laburnum.  In  this  case  the  dark  lines 
may  either  be  a  useless  inheritance  from  ancestors  whose  flowers 
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contained  honey,  or  else  they  may  be  of  use  to  tlie  plant  by  leading 
bees  which  visit  it  for  the  first  time  to  expect  honey  and  accord- 
ingly to  perform  the  actions  necessary  for  exploding  the  flower. 
When  the  explosion  occurs,  the  bee  finds  its  hopes  of  honey  gone, 
but  its  labour  is  repaid  by  such  an  abundant  store  of  pollen  that 
it  proceeds  to  visit  other  flowers  merely  to  collect  pollen. 

Viflitora  :  A.  Hymenoptem — ApMie :  (I)  Apis  mellifica,  h.  (J!  very  ab.  ; 
(2)  Bombus  lapidarina,  L.  5  '  (3)  B.  terreetris,  L.  ?  !  botl>  ab.  ;  (4)  B.  agporum, 
F.  9  I  (5)  B.  hort-jrum,  L,  ?  !  <(l)  Andrena  fulvicrus,  K.  9  ;  (7)  Hulictus 
xoDulua,  Sm.  $  ;  (8)  0»mia  fuses,  UhriHt.  $,  all  cp.  (thosB  marked  (!)  forced 
the  flower*  open).  B.  Diptera — Sgrphid(K;  (9)  Rhingia  rcwtratu,  L.,  f.p.,  ab. 
C.  Coleoptera— (a)  8laph)il\md<r :  (10)  Antliobium,  E.p.  ;  (6)  Nitidulida:  (U) 
MeligethcB,  f.p. 

Vlcx  eur(^HEus,  L,,  has  explosive  flowers,  which,  according  to 
Dr.  Ogle's  description,  agree  essentially  with  those  of  Gcni^a 
tincf-oria  (633). 

Amwpha  frtiticosa,  L.,  and  A.  canescens,  Nutt. — The  carina  and 
alee  are  abortive  ;  the  stamens  and  style  are  exserted.  The  email 
flowers,  devoid  of  a  platform  for  iiisects,  are  arranged  in  a  spike,  on 
which  bees  can  easily  creep  from  flower  to  flower.  The  flowers  are 
proterogynous,  with  persistent  stigmas.  They  are  cross-fertilised, 
according  to  Beal,  by  bees  and  wasps,  which  work  upwards 
beginning  at  the  bottom  of  tbe  spike  {41,  17S,  590,  Ii.). 

Iiidigofera. — According  to  Hildehrand's  figures  and  descrip- 
tion (346),  tlie  flowers  are  so  far  explosive  that  the  carina  and 
alae  flap  downwards,  while  the  reproductive  organs  remain  erect ; 
self-fertilisation  takes  place  as  the  flower  withers.  Henslow  (323) 
described  the  flowers  of  /.  speciosa  with  reference  to  Hildehrand's 
description,  and  maintained  justly  that  their  structure  was  only 
intelligible  on  the  supposition  that  it  led  to  cross-fertilisation. 

I.  macrostachya.  Vent.,  was  seen  by  Delpino  to  be  visited  by 
Bombus  Italicus  (178). 

113.  CoroNILLAEmerCS.L. — Delpinohas  thoroughly  described 
in  the  case  of  this  flower  tbe  piston-apparatus  which  we  have 
studied  in  Lotus  comictdaijts.  As  visitors  he  observed  Bombus, 
AtUhophora  piiipes,  Eucera  Ityngicomis,  and  Xylocapa  violacea. 

114,  CosoNiLLA   VARiA,  L.,  resembles  Lotus  eomiculalua  in 

regard  to  its  piston-apparatus,  but  the  flower  contains  no  honey ; 
it  is  nevertheless  diadelphoas  (178,  p.  45).  In  Thuringia  I  have 
seen  it  visited  abundantly  by  hive-bees. 

Mr.  T.  H.  Fiirrer  discovered  that  hooey  occurs  on  the  fleshy 
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outer  surface  of  the  calys.  He  fuun<]  that  bees  obtained  this 
honey  in  the  following  manner  :  they  alighted  on  the  flowera  in 
the  usual  way,  and  inserted  their  tongues  as  usual  beneath  the 
veiullum ;  then,  however,  the  proboscis  came  through  the  wide 
rspace  which  is  left  between  the  unusually  narrow  claws  of  the 
petals,  and  bo  reached  the  outer  aide  of  the  calyx.  The  same  holds 
good  of  Gm-oniUa  montuna,  Scop,  C.  gh.iiea,  h.,  and  C.  minima,  L. 


'Ditto,  In  ieat\m.  mm  nuonl 

Bttim ;  en,  calfx :  f,  inuchmi 

In  tlH  Hulm ;  iz,  termlul  orllli .  . . 

Ii  folo  liio  eormpondlDe  fBId  /a'  dI  Ilie 

115,  HlPPOCBEPlS  coMOSA,  L. — This  flower  reBembles  that  of 
Lotus  in  the  way  in  which  the  pollen  is  pumped  out  (178,  360), 
but  it  is  characterised  by  the  peculiar  way  in  which  the  honey  is 
concealed. 

The  ckw  of  the  vexillum  is  bo  narrow  and  so  much  curved  (A) 
>tliat  one  can  see  between  it  and  the  stamens.     On  the  under  side 
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of  its  base  it  bears  a  tiattenec!  trmngular  process  (vp.  C  G*)  which 
fits  exactly  over  the  nectaries  (A)  and  cKises  them  with  considerable 
firmness.  A  bee  visiting  the  flower  can  onJy  obtain  the  honey  by 
using  the  vesillum  as  a4oDg  lever  to  raise  up  this  lid  ;  and  to  do 
this  it  must  insert  its  head  beneath  the  vexillum,  and  consequently 
effect  cross- fertilisation. 

On  the  Alps  I  observed  various  bees  cross-fertilising  the  plant, 
and  also  numerous  Lepidoptera  which  visited  the  flowers  but  only 
effected  cross -fertilisation  occasionally  (Gog). 


BTeiUlum  uil  tho  apperlmlt  Dfthe  calyi,  from  oWvo, 

9  Bide  (k  T>. 

,  VGjdllnm.  pile  rfdwltlidnrtifr  linn  (palJijlfrrfm)-  *,  clBWotlll. 


116.  Onobkychis  sativa,  Lam. — The  flower  has  the  same 
simple  structure  as  we  have  studied  in  the  case  of  Melilotua  and 
Trifolium  :  when  the  carina  is  depressed,  the  stigma  tmd  the  anthers 
(which  dehisced  in  the  bud)  emerge,  and  when  the  pressure  is 
removed  the  carina  springs  up  and  again  incloses  these  organs. 
The  arrangement  in  this  case  is  still  simpler  than  in  the  two 
above-named  genera,  since  the  carina  performs  by  itself  the  func- 
tions which  the  alse  formerly  shared  with  it ;  for  the  alae  are  very 
much  reduced,  only  covering  the  claw  of  the  carina,  and  serving 
to  prevent  or  to  render  difficult  the  removal  of  honey  at  either 
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side.  The  carina  alone  forms  the  platform  for  insects  to  ahght  on, 
and  the  lever  by  "which  its  own  downward  rotation  is  effected  :  its 
own  elasticity  brings  it  back  to  its  former  position  on  removal  of 
the  pressure. 

Cross-fertilisation  is  insured,  in  case  of  insect-visits,  by  the 
prominence  of  the  stigma,  which  must  touch  the  under  surface 
of  an  alighting  insect  in  advance  of  the  anthers.  In  absence  of 
insects,  self-fertilisation  cannot  occur,  especially  as  the  style  con- 
tinually grows,  so  that  in  older  flowers  it  protrudes  for  a  distance 
of  1  to  1 J  mm.  beyond  the  carina.  The  brightly  coloured  flowers, 
massed  in  racemes,  attract  numerous  insects.  The  calyx-tube  is 
only  2  to  3  mm.  long ;  the  broad  vexillum  ascends  at  a  very  small 
angle  from  the  horizontal,  and  is  the  better  fitted  to  serve  as  a 
fulcrum  against  which  the  bee  may  place  its  head  while  thrusting 
down  the  carina  with  its  legs.  Both  honey  and  pollen  are  thus 
rendered  accessible  to  short-lipped  bees.  In  sunny  weather  the 
flowers  are  the  resort  of  so  many  insects  that  they  can  well 
afford  to  dispense  with  the  power  of  self-fertilisation. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  5  (6),  s.  and 
c.p.  ;  so  abundant  as  to  make  nine-tenths  of  all  the  visitors  ;  (2)  Bombus  senilis, 
Sm.  ?  (14—15)  ;  (3)  B.  silvarum,  L.  ?  (12—14)  ;  (4)  B.  agrorum,  F.  ?  (12— 
15)  ;  (5).B.  confusus,  Schenck,  ?  (12—14)  ;  (6)  B.  terrestris,  L.  $  (7—9)  ;  (7) 
B.  musconim,  F.  ?  5  (10—14)  ;  (8)  B.  pratorum,  L.  ?  ?  (8— llj)  ;  (9)  B. 
Scrimshiranus,  K.  5  • — ^U  sometimes  suck  honey,  sometimes  collect  pollen  ; 
(10)  B.  (Apathus)  nipestris,  F.  ?  (12—14),  s.  ;  (11)  B.  ctimpestris,  Pz.  $ 
(10 — 12),  8.  ;  (12)  Eucera  longiconiis,  L.  ^  ?  (10 — 12),  s.  and  c.p.  ;  (13)  An- 
(Irena  labialis,  K.  ?  (J,  s.  and  c.p.  ;  (14)  A.  nigroaenea,  K.  ^  (3)  ;  (15) 
Halictus  albipes,  F.  9  (3),  b.  and  c.p.  ;  (16)  H.  flavipes,  F.  ? ,  s.  and  c.p. ;  (17) 
H.  lugubris,  K.  ?  ;  (18)  Me^achile  circumcincta,  K.  ? ,  s.  and  c.p. ;  (19) 
Osmia  aurulenta,  Pz.  ?  (8 — 9),  s.  and  c.p.  (Thur.)  ;  (20)  0.  spinulosa,  K.  ? 
(Thur.)  ;  (21)  Chalicodoma  muraria,  F.  ?  (10),  s.  and  c.p.  (Thur.)  ;  (22) 
Coelioxys  conoidea,  111.  9,8.  B.  Diptera — Syrphida  :  (23)  Volucella plumata ; 
L.  (7 — 8).  C.  Lepidoptera — (a)  Rhopalocera:  (24)  Pieris  napi,  L.,  s.;  (25) 
Lycaena  sp.  ;  (6)  Sphinges :  (26)  Zygaena  camiolica,  Scop.  (Thur.)  ;  (c)  Noctua : 
(27)  Euclidia  glyphica,  L.  ;  (28)  Plusia  gamma,fL.,  ab., — all  sucking,  but 
apparently  not  effecting  fertilisation.     See  also  No.  590, 11. 

Stylosanthes,  Swartz,  Arachis,  L.,  Hetcrocarpcea,Fhil., Lesperdeza, 
Rich.,  and  Chapmunniu,  Torr.  and  Gr.,  have  cleistogamic  flowers 
according  to  Kuhn. 

Ervum  lens,  L,  is  visited  by  the  honey-bee  and  by  Lepidoptera 

(590,  II.). 

Vida  hirsuta,  Koch,  is  remarkable  for  the  great  simplification 
of  the  whole  mechanism  of  the  flower,  in  relation  to  its  great 
xeduction  in  size  (590,  II.). 
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Il7.  ViCIA  Cracca,  L.— The  Vetebes  afford  an  instance  of  how 
much  caution  is  needed  before  drawing  conclusions  for  a  whole 
nu3  from  a  single  Hpecies.  Delpino  describea  a  brush  of  hairs 
upon  the  style  as  a  character  of  the  genus  Vicia,  without  mention- 
ing what  species  lie  observed  it  in  (178);  but  his  description 
applies  only  vaguely  to  V.  sqnunt,  and  not  at  all  to  V.  Cracca.  In 
other  peculiarities  of  structure  the  Vetches  which  I  have  examined 
show  remarkable  diversity. 

In  V.  Cracca  the  style  is  very  short  (about  IJ  mm.  long),  and 
for  some  distance  below  the  stigma  it  is  covered  with  long,  slanting 
hairs  (5,  Fig,  68),  Though  the  hairs  are  longer  and  closer  on  the 
outer  side  than  on  the  inner,  they  form  a  cylindrical  brush  rather 


pollen ;  ff,  iDpeiior  bual  lob«  of  oarii 


than  a  basket  (ccstella)  as  Delpino  describes  them.  The  anthers, 
which  lie  close  round  the  brush  of  hairs,  dehisce  and  shed  their 
pollen  upon  the  hairs  when  the  flower  hos  scarcely  attained  half 
its  full  size ;  and  the  stigma,  which  is  overtopped  all  round  but 
especially  on  the  outer  side  by  hairs,  is  also  covered  with  pollen. 
The  brush  of  hairs,  thus  covered  above  and  all  round  with  pollen,  lies 
in  a  pouch  of  the  flattened  tip  of  the  carina  (/,  2,  3),  and  emerges 
when  the  carina  is  depressed  from  the  narrow  slit  at  its  tip. 

As  in  other  Papilionaceje,  the  carina  is  depressed  by  means  of  the 
aire,  which  are  firmly  connected  with  it  and  which  serve  as  long 
levers  on  which  the  insect  alights. 

Each  ala  is  connectfifl  at  two  point'!  with  the  margin  of  the 
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carina.  In  the  middle  of  its  upper  border,  each  ala  has  a  small  but 
deep  fold  (a,  2,  4),  which  fits  into  a  concavity  in  the  upper  surface 
of  the  carina  (a',  3)  immediately  behind  the  swelling  which  contains 
the  pollen.  Close  behind  this  the  side  of  each  ala  bulges  inwards^ 
forming  a  depression,  much  broader  and  not  less  deep,  which  unites 
so  firmly  with  a  broad  but  shallow  concavity  in  the  upper  surface  of 
the  carina  (6',  3)  that  it  requires  the  greatest  care  to  separate  the 
two  without  tearing.  This  intimate  union  is  due  to  the  fact  that 
the  epidermis  of  the  two  petals  over  part  of  the  surfaces  of  contact 
is  composed  of  large  hexagonal  cells  (jj  to  jV  ^i^*  ^^  diameter)  of 
which  those  on  the  one  petal  are  strongly  convex,  and  fit  into  cor- 
responding concavities  in  the  cells  on  the  other.  The  same  kind  of 
union  thus  connects  individual  cells  as  on  a  larger  scale  connects  the 
two  petals. 

The  alae  and  carina  return  after  each  depression  to  their  former 
place.  This  is  due  :  (1)  to  their  own  elasticity  ;  (2)  to  the  processes 
(c,  2,  4)  which  pass  backwards  and  inwards  from  the  superior  basal 
angles  of  the  alae  to  lie  upon  the  staminal  column  ;  (3)  to  the  two 
superior  basal  lobes  of  the  carina  (^,  g,  2,  3),  which  embrace  the 
staminal  column,  and  leave  only  a  narrow  slit  between  them  in  the 
middle  line ;  (4)  to  the  broad  base  of  the  vexillum,  which  curves 
round  on  each  side  so  as  to  embrace  completely  the  claws  of  the 
alae  and  carina,  while  it  in  turn  is  embraced  and  held  firmly  in 
position  by  the  calyx.  By  these  four  conditions  all  the  parts  of  the 
flower  are  caused  to  return  accurately  to  their  former  places  after 
each  insect-visit.  The  flowers  therefore  preserve  the  same  appear- 
ance, and  are  visited  repeatedly  by  insects,  so  that  their  pollen  is 
carried  away  bit  by  bit,  and  the  stigma  at  length  rubbing  on  the 
under  side  of  the  insect  becomes  viscid  (cf.  Lathyi^tbs  pratmsis) 
and  covered  with  pollen  brought  from  other  flowers. 

Though  the  parts  of  the  flower  close  up  firmly,  their  small  size 
makes  it  easy  for  most  bees  to  reach  the  honey.  The  abundance  of 
honey  and  the  aggregation  of  the  flowers  in  handsome  racemes 
lead  to  plentiful  insect-visits. 

A.  Hymenoptem — (a)  Apidce :  (1)  Apis  mellifica,  L.  5 ,  exceedingly  abundant. 
(It  passes  up  the  racemes,  sucking  for  two  to  three  seconds  on  each  flower.  When 
collecting  pollen,  it  thrusts  its  head  farther  into  the  flower  to  depress  the 
carina  as  much  as  possible  ;  it  takes  at  least  six  to  eight  seconds  to  brush  ofl* 
the  pollen)  ;  (2)  Bombus  agrorum,  F.  ?  §  ;  (3)  B.  hortorum,  L.  9  J  W  B- 
Hajellns,  IlL  5  ;  (5)  B.  Scrimshiranus,  K.  ^  ^  ^  ;  (6)  B.  (Apathus)  vestalis, 
Pourc.  (J  ;  (7)  Eucera  longicomis,  L.  ?  ^ , — ^all  only  sucking.  Various  species 
with  abdominal  collecting-brushes,  ^^z. :  (8)  Megadiile  versicolor,  Sm.  ?  ;  (9) 
M.  circumcincta,  K.  ?,  ab.  ;  (10)  M.  maritima,  K.  ?  ;  (11)  M.  Willughbiella, 


206  THE  FERTILISATION  OF  FLOWERS.         [fart  iii. 

honey  legitimately  on  V.  sepium  firom  collectiDg  pollen  also  on  its 
flowers,  and  thus  diminishes  the  namber  of  their  visits. 

The  stigma  of  V.  sepium  resembles  that  of  Lathyrus  pratensix 
in  the  way  in  which,  when  it  is  rubbed  on  a  piece  of  glass,  first  its 
own  pollen  is  rubbed  off,  and  then  its  papillae  are  injured  and  exude 
a  sticky  fluid. 

The  visitors  are  all  bees,  viz. : — (1)  Bombus  agrorum,  F.  $  9  J  (2)  B.  Rajellus, 
111.  9  ;  (3)  B.  lapidariiu,  L.  9  9  J  W  B.  sil varum,  L.  9  J  (5)  Anthophora 
pilipea,  F.  ?  (J, — all  sucking  normally  ;  (6)  Bombus  terrestris,  L.  9)l>iting  a 
hole  and  stealing  the  honey  ;  (7)  Osmia  rufa,  L.  9  ;  (8)  Apis  mellifica,.  L.  9  > — 
both  make  use  of  the  holes  made  by  B.  terrestris.  Both  species  have  tongues 
long  enough  (Osmia  rufa  8  muL,  Apis  6  mm.),  but  are  not  strong  enough  to 
reach  the  honey  in  the  legitimate  way.    See  also  No.  590, 11. 

Vicia  angustifolia,  Roth. — The  brushes  on  the  style  are  similar 
to  those  in  V.  sepium.  The  visitors  are  humble-bees,  Sarapada, 
and  Lepidoptera  (590,  ii.). 

119.  Vicia  Faba,  L. — The  brushes  on  the  style  are  similar  to 
those  of  V,  sepium.  In  spite  of  the  much  greater  size  of  the  flower, 
both  its  honey  and  pollen  are  more  accessible  than  those  of  V.  sepium, 
though  to  reach  the  honey  a  longer  proboscis  is  needed.  The  vexil- 
lum  and  alae  fit  much  less  firmly  together,  and  the  carina  is  much 
more  easily  depressed.  The  thickened  processes  which  in  V.  sepitivi 
project  from  the  under  side  of  the  vexillum  are  here  wanting;  the  claw 
of  the  vexillum  (13  to  16  mm.  long)  is  only  loosely  embraced  by  the 
calyx-tube,  and  for  a  distance  of  only  6  to  7  mm.  above,  and  8  to  10 
mm.  below.  The  vexillum  is  therefore  easily  pushed  upwards,  and 
those  humble-bees  which  have  a  proboscis  long  enough  to  reach 
the  honey  in  V,  Faha,  can  do  so  more  easily  in  that  flower  than  in 
V.  sepium.  The  two  depressions  by  which  the  alse  and  carina  are 
united  in  V,  Craeca  and  V.  sepium  occur  also  in  the  Bean,  but  in  the 
latter  the  interlocking  of  the  individual  cells  is  less  marked  than  in 
the  others,  so  that  the  alse  and  carina  may  be  easily  separated  with- 
out tearing.  The  two  posterior  processes  of  the  alae,  whose  use  is  to 
keep  the  alae  and  carina  in  their  proper  place  in  relation  to  the 
staminal  column,  are  here  much  reduced  and  easily  slip  down  from 
the  upper  surface  of  the  carina.  The  alse  and  carina  are  e^^ily 
depressed,  all  the  more  that  the  alae  project  far  l^eyond  the  carina, 
forming  a  powerful  lever  acted  on  by  the  weiglit  of  the  bee.  Thus 
to  reach  the  honey  is  here  a  matter  of  little  ditticulty,  and  is 
possible  even  for  the  smaller  bees. 


PAOT  in\        THE  MBCHANISMS  OF  FLOWERa  207 

Owing  to  the  small  elasticity  of  the  alse  and  carina  in  the  bean- 
flower,  they  fail  to  return  to  their  former  place  if  they  are 
thrust  far  down,  but  leave  the  end  of  the  style  with  its  stigma  and 
brushes  and  even  the  empty  anthers  exposed. 

Visitors:  A.  Hymenoptera — Apidce :  (1)    Bombus . liortorum,  L.    ?    (21); 
(2)  B.  seniliR,  Sm.  $  (14—15)  ;  (3)  B.  confusus,  Schenck,  ?  (14) ;  (4)  B.  lapi- 
darius,  L.  ?  (12 — 14)  ;  (5)  B.  silvaruin,  L.  ?  (14), — all  sucking  in  the  normal 
way,  ab. ;  (6)  B.  terrestris,  L.  ?  (7 — 9),  sucking  honey  through  holes  bitten 
ill  the  tube  ;  (7)  Apis  mellifica,  L.  5  (6),  sometimes  c.p.,  sometimes  sucking 
through  the  holes  bitten  by  B.  terrestris ;  in  the  former  case  it  effects  cross- 
fertilisation  as  well  as  those  bees  which  suck  in  the  normal  manner  ;  (8)  An- 
(Irena  convexiuscula,  K.  $ ,  c.p.  ;  (9)  A.  labialis,  K.  (J ,  seeking  in  vain  for  honey  ; 
(10)  OsmJa  rufa,  L.  ? ,  sucking  normally, — it  creeps  so  far  into  the  flower  that 
its  whole  head  is  hidden  under  the  basal  part  of  the  vexillum.     B.  Coleopteim 
— -Malacodermata :  (11)  Malachius  bipustulatus,  F.,   feeds  upon  the  stamens 
after  they  have  been  laid  bare  by  repeated  visits  of  humble-bees. 

Darwin  found  the  fertility  of  the  bean  reduced  to  a  third  when 
insects  were  excluded  by  a  net;  but  if  the  flowers  were  shaken 
t.hey  produced  good  and  well-filled  pods  though  still  protected  from 
insects  (152). 

Vicia  amphicarpa,  Dorthes.,  has,  besides  its  ordinary  flowera,  cleis- 
'tx)gamic  flowers  without  petals  on  subterranean  shoots  (399,  S31). 

120.  Lathyrus  pratensis,  L. — This  plant  affords  us  another 
example  of  a  papilionaceous  flower,  in  which  when  the  carina  is 
depressed  the  tip  of  the  style  only  emerges,  and  sweeps  part  of  the 
pollen  out  of  the  apex  of  the  carina  by  means  of  a  brush,  applying 
it  to  the  under  side  of  the  bee,  afterwards  returning  within  the 
carina  when  the  pressure  is  removed. 

The  style,  which  ascends  vertically  from  the  end  of  the 
horizontal  ovary,  curving  shghtly  inwards,  expands  immediately 
below  the  oval  stigma  into  an  elliptic  lamina.  This  lamina  is 
covered,  not  only  on  the  edges,  as  Delpino  says  (178),  but  on  the 
whole  surface  turned  towards  the  base  of  the  flower,  with  hairs 
pointing  obliquely  upwards ;  it  lies  in  the  conical  apex  of  the  carina, 
which  points  directly  upwards  (5,  Fig.  70),  and  its  hairy  surface, 
turned  towards  the  base  of  the  flower,  faces  also  the  free  edges  of 
the  tip  of  the  carina.  Between  it  and  the  margins  of  the  carina  is 
a  deep  pouch  on  each  side  (p,  5,  6),  which  is  separated  by  a  deep 
fold  («')  from  the  margin,  and  has  its  only  entrance  at  the  apex  of 
the  cone  (7/1,  4,  5,  6).  In  the  bud,  this  pouch  contains  all  the 
anthers,  which  only  dehisce    immediately   before    or    during   the 
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expansion  ol"  the  flower.  The  pouch  bec-jiiies  qiiiU:  filled  with 
pollen,  and  the  anthers  withdraw  into  its  lower  piut.  The  hfuiy 
surface  of  the  style  and  the  &tigma  are  thus  covered  with  pollen  in 
the  opening  flower,  and  each  time  that  the  carina  is  depressed  they 
emerge  at  its  apex  sweeping  &  little  pollen  out.  Since  the  hairs  of 
the  style  do  not  pas&into  the  lateral  pouches,  these  would  remain 
full  ofUpoUen,  were  it  not  that  when  the  carina  is  depressed,  the 
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empty  anthers  and  the  ends  of  the  tilaments  pass  into  and  push  the 
pollen  out  of  the  pouches  into  the  apex  of  the  cone,  whence  it  is 
swept  out  by  the  style.  It  re<iuires  considerable  force  to  depress 
the  carina,  since  the  style  with  its  h:urs  has  at  the  same  time  to  be 
forced  through  the  slit  at  the  apex  of  the  carina. 

It  stands  in  close  relation  to  this  arrangement  that  the  union 
of  the  two   halves  of  the  carina  is  strengthened  by  an  anterior 
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membranous  outgrowth  (n,  4),  and  that  the  alae  and  carina  are 
connected  very  firmly  with  one  another  and  with  the  staminal 
column.  The  union  between  the  alse  and  carina  is  formed  in  the 
following  way : — The  two  folds  or  grooves,  which  in  the  erect 
extremity  of  the  carina  separate  the  two  pouches  from  the  fi^e 
margins,  are  continued  along  the  whole  horizontal  part  of  the  carina 
near  its  upper  border,  and  where  the  erect  part  joins  the  horizontal 
(at  a',  4,  5,  6)  they  each  form  a  broad,  rounded  pit  in  which  a  fold 
of  the  ala  (a,  1,  2,  3)  lies ;  further  towards  the  base  of  the  flower 
they  form  a  deep,  narrow  depression  on  each  side  of  the  cleft  of  the 
carina  {V,  4),  in  which  a  process  directed  downwards  and  forwards 
from  the  upper  margin  of  the  ala  (6',  2,  3)  fits  firmly.  This  inter- 
locking is  rendered  more  secure  by  the  presence  of  numerous  blunt 
projections  on  the  marginal  process  of  the  ala  (6),  and  in  the  full- 
grown  flower  it  is  difficult  to  separate  the  ala  from  the  carina 
without  tearing. 

The  union  of  the  alse  and  carina  with  the  staminal  column  is 
effected,  as  in  Medkago  saliva,  by  two  long,  pouched  processes  of  the 
alae  (directed  backwards)  which  lie  upon  the  column  (d,  2,  3),  meet- 
ing one  another  in  the  middle  line.  When  the  alse  and  carina  are 
depressed,  these  processes  clasp  the  sides  of  the  column,  and  as 
soon  as  the  pressure  is  removed  they  return  to  their  former  place 
on  its  upper  surface.  The  vexillum  closes  down  firmly  on  the 
a,lae,  preventing  useless  insects,  e.g.  flies,  from  obtaining  the  honey 
which  is  secreted  abundantly  in  the  ordinary  position  and  is 
reached  by  two  imusually  large  openings.  The  vexillum,  at  the 
junction  of  its  claw  and  lamina,  bears  two  deep,  narrow  depres- 
sions which  project  below  as  two  sharp  ridges  converging 
anteriorly  (o,  1),  and  these  fit  firmly  into  two  depressions  in  the 
alae  (c,  2,  3).  Though  the  stigma  is  at  first  surrounded  by  the 
pollen  of  its  own  flower,  it  is  probable  that  in  case  of  insect- 
visits,  cross-fertilisation  is  ensured.  For  this  pollen  with  which 
the  stigma  is  covered,  is  easily  rubbed  off  if  we  draw  the 
stigma  over  a  glass  plate ;  but  immediately  afterwards  the  stig- 
matic  papillae  get  nibbed  away  and  leave  a  line  of  clear  sticky 
fluid  on  the  glass.  Owing  to  the  force  which  the  mechanism 
of  the  flower  renders  necessary,  the  stigma  must  be  rubbed  hard 
on  the  under  side  of  the  bee,  and  thus  without  doubt,  as  Delpino 
supposes,  its  own  pollen  is  rubbed  off,  its  surface  is  rendered 
sticky  by  breaking  down  of  the  papillae,  and  new  pollen  is  made 
to  adhere  to  it. 

Whether  in    absence    of  insects   the  stigma   finally  becomes 
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viscid  and  capable  of  fecuudatiou  spontaueously,  and  is  thus  self- 
fertilised,  is  still  undetermined. 

Tbe  visitors  are  esciusively  bees. 

(I)  Eucera  longitoniiF,  L.  (J ,  e.,  ah, ;  (2)  Borabita  ugrorum,  F.  ? ,  &,  freq. ; 
(3)  DiphyBiB  serratulae.  Pi.  2,fl;  (4)  MegachUe  luaritima,  K.  (J,  a.  ;  (5)  M. 
vcnticolor,  Sm.  ? ,  a.  and  c.p.     (Bril™,  10  Jnly,  IS69.) 

121.  Lathykus  TUBEBOSUS,  L.— I  saw  this  plant  visited  very 
abimdantly  by  the  honey-bee  in  July  1868,  in  Thuringia.  In  suck- 
ing, the  bee  inserted  its  proboscis  at  one  side,  above  one  of  the  alffi. 
As  it  clung  to  one  of  the  ahe  and  thrust  its  proboscis  in  laterally 
between  the  vexillum  and  carina,  it  pressed  the  carina  so  far  down 
that  the  style  and  pollen  emerged.  In  some  cases  the  pollen  did 
not  come  in  contact  with  the  bee,  in  others  the  stigma  and  the 
hairs  of  the  style  touched  the  bee  on  its  side. 

When  collecting  pollen,  the  bee  clung  to  both  alie,  thrusting  its 
head  and  forelegs  beneath  the  vexillum  in  the  middle  line.  The 
Htigma  emerging  from  the  carina  came  directly  in  contact  with  the 
under  side  of  the  bee,  and  cross-fertilisation  was  effected  regularly. 
Besides  the  honey-bee  I  only  saw  two  butterflies,  a  yellow  Jfesperia," 
and  Pieris  rai)^,  L.,  sucking  honey  on  the  flowers. 

122.  Lathyrus  silvestris,  L. — I  saw  this  plant  in  Sauerland 
(July  12,  1809}  visiteti  also  by  bive-bees,  both  sucking  and 
collecting  pollen,  and  by  numerous  Lepidoptera,  which  however 
did  not  effect  fertilisation  {Shodoecra  rhamni,  L.,  Pieris  rapa;,  L., 
Vanessti  lo,  L.,  V.  urtica:.,  L.,  Plusia  gamma,  L.). 

Delpino  mentions  as  the  chief  fertiliser  of  this  plant  Jl'ylocopa 
violacea,  which  does  not  occur  in  Westphalia,  and  justly  emphasizea 
the  slanting  position  of  the  style-brush  as  an  adaptation  renderii^ 
it  easier  for  the  bees  to  depress  the  carina  (178). 

Francis  Darwin  observed  that  bees  rob  L.  silvcsirU  of  its  honey 
by  biting  through  the  vexillum  close  above  the  calyx,  and  almost 
always  just  above  the  left  honey-passage,  which  is  commonly  the 
larger, — a  proof  of  capability  to  profit  by  experience.  The  un- 
symmetrical  development  of  the  passages  leading  to  the  honey  in 
Z.  gilvestris  is  in  relation  to  the  twisting  of  the  style,  and  thua 
unsymmetrical  development  of  the  fruit  seems  related  to  both  of 
these  facts  (169}. 

123.  Lathybus  MONTANUs,  Bemh.  (Ordms  tuberosus,  L.).— In 
Snuerland  (July  18G9)  I  saw  this  plant  visited  by  Encern  lonffieomis. 
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L.    ?,   8.   and   c.p ;   Bombus  pratorum,   L.    9,  s. ;  and   Hesperia 
silvanus,  Esp.  s. 

124.  Lathyrus  odoratus,  L.,  is  visited  by  Anthidinm  mani- 
cattim,  L.  ? ,  s. 

125.  Lathyrus  vernus,  Bemh.  (Orobtts  vermis,  L.). — I  have 
repeatedly  found  Bomhis  hortorum,  L.  •  ? ,  sucking  honey  on  this 
flower.  A  list  of  eleven  other  visitors,  exclusively  bees,  is  given  in 
No.  S90,  II.,  p.  257. 

Lathyrus  grandijlorus  is  very  rarely  visited  by  bees  in  England. 
If  the  flowers  are  shaken  they  prove  more  fertile  (152). 

Delpino  mentions  the  genera  Apis,  Bombus,  Eucera,  Anthophora, 
and  Xylocopa,  as  the  chief  fertilisers  of  the  various  species  of 
Lathyrus  (178). 

126.  PisUM  sativum,  L.  (the  Pea). — The  mechanism  of  this 
flower  agrees  in  most  essential  points  with  that  of  Lathyrus 
pratensis,  but  it  has  so  many  peculiarities  that  we  must  discuss  it 
in  almost  complete  detail. 

The  style  ascends  almost  perpendicularly  to  the  horizontal 
ovary,  but  its  tip  curves  inwards  so  far  that  the  stigma  points 
almost  horizontally  towards  the  base  of  the  flower  (5/.  7).  The  style 
is  not  swollen  at  the  end,  but  is  covered  with  long  hairs  on  the  side 
facing  the  base  of  the  flower  for  over  one-third  of  its  length  down- 
wards from  the  stigma  (7,  8,  fig.  71).  The  style  follows  the  line 
of  union  of  the  two  halves  of  the  carina,  so  the  carina  also  is 
curved  inwards  in  the  shape  of  a  sickle,  and  its  conical  tip,  which 
incloses  the  brush  upon  the  style,  points  towards  the  base  of  the 
flower  (1,  fig.  71).  In  this  species  also,  as  in  L.  pratensis,  there  is 
present  in  the  bud  on  each  side  of  the  tip  of  the  carina  (a.,  1,  4)  a 
pouch,  within  which  are  the  anthers ;  but  the  pouches  are  shallower 
and  the  folds  separating  them  from  the  free  margin  are  less 
marked,  and  the  space  in  which  the  anthers  lie  in  the  bud  is  on 
the  whole  conical.  The  apex  of  the  carina  leaves,  of  course,  an 
opening  for  the  passage  of  the  style  (p,  4,  5).  The  anthers  dehisce 
shortly  before  the  bud  expands ;  they  fill  the  conical  point  of  the 
carina  with  pollen  and  withdraw  into  the  base  of  the  cone,  so 
that  at  the  commencement  of  the  flowering-period  the  stigma  and 
the  style-brush  are  covered  with  pollen,  part  of  which  is  swept 
out  at  the  apical  orifice  each  time  that  the  carina  is  depressed. 
The  edges  of  the  orifice  yield  to  a  pressure  from  within,  but  close 
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up  again,  so  that  while  the  stigma  and  style-brush  return 
within  the  carina,  great  part  of  the  pollen  is  swept  off  and  remains 
outaide,  The  ends  of  the  filaments,  lying  in  the  base  of  the 
conical  point  of  the  carina,  are  slightly  swollen  even  in  the  bud 
(7,  fig.  71),  but  after  the  anthers  have  dehisced  they  enlarge  mora 
(!)),  and  so  press  the  pollen  forward  more  effectively  than  in  the 
case  of  Lathi/nis  }»-niensis.     They  press  the  pollen  in  the  base  of 


uin 

uns  I 


.    Antsttor  Tlew  or  ve 

,— 0«rlii«,  ftoni  kboTc,  enlarged. 
-NttD,  Indnud  bj  Uia  aln. 


(Forkttu».ie 


the  cone  forward  to  its  apex,  so  that  the  style-brush  on  returning 
within  the  cariua  becomes  covered  again  with  pollen,  and  so  a 
new  portion  of  pollpn  is  forced  out  at  each  depression  of  the 
carina.  Thus  the  flower  of  the  Pea  combines  the  brush-mechanism 
with  the  piston-mechanism. 

The  force  needed  to  depress  the  carina  is  both  absolutely  and 
relatively  greater  than  in  Za^AjT-iis^raicn^is,  since  the  style-brush 
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is  curved  more  inwards,  and  the  swollen  ends  of  the  filaments  move 
with   friction   in   the   cone.     On  this  account  the   union   of  the 
two  carinal  petals  is  strengthened  by  a  still  more  marked  out- 
growth (h,  1,  4),  and  the  alse  and  carina  are  connected  with  each 
other  and  with  the  staminal  column  still  more  firmly.     Each  ala 
has  at  the   base   of  its   limb,   close   below  its  upper  margin,  a 
depression    or    invagination   pointing    forwards    and    downwards 
(c',  2,  5,  6),  which  is  very  firmly   attached   to   a   corresponding 
depression   on   the  upper  surface  of  the  carinal  petal  (c,  1,  4) ; 
not  only  are   the   two   pouches   closely  applied  to  one  another 
throughout  their  whole  extent,  but  over  a  great  part  of  the  surfaces 
in  contact  large  hexagonal  cells  of  the  one  petal  project  into  hollows 
in  corresponding  cells  on  the  other,  so  that  it  is  scarcely  possible 
to  separate  the  petals  from  one  another  without  tearing.     More- 
over, the  anterior  part  of  the  ala  is  kept  in  a  definite  position 
relatively  to  the  carina  by  a  fold  or  groove  {d',  2,  5)  in  its  upper 
margia  which   fits  into  that  groove  [d)  upon  the    carina  which 
separates  the  pouch  (a)  from  the  edge.     This  second  union  of  alsB 
and  carina  is  strengthened  by  two  deep  and  narrow  depressions  of 
the  vexillum,  which  appear  on  its  under  side  as  hard,  sharp  ridges, 
converging  anteriorly  (d\  1,  3),  and  are  received  into  the  anterior 
alar  grooves  {d'). 

The  position  of  the  alse  and  carina  relatively  to  the  staminal 
column  is  maintained  very  firmly  and  accurately.  Each  carinal 
petal  possesses  a  lobe  at  its  base  (c,  4,  5),  directed  upwards  and 
inwards,  which  lies  upon  the  upper  surface  of  the  column  and 
extends  almost  to  the  middle  line.  These  two  carinal  lobes  which 
embrace  the  column  arc  pressed  down  and  kept  in  their  place  by 
two  processes  of  the  alse  {e\  5,  6),  directed  inwards  and  backwards ; 
the  alar  processes  are  themselves  mnde  secure  by  the  vexillum, 
on  whose  broad,  strong  base  two  rounded  swellings  occur  {b\  3) 
which  rest  upon  two  narrow  surfaces  of  the  alae  (6,  5,  6)  passing 
horizontally  backwards  from  the  alar  processes  (c'). 

This  firm  union  of  the  parts  of  the  flower  is  of  service  to  the 
plant  in  three  ways.  In  the  first  place,  it  obliges  an  insect  in 
search  of  honey,  when  standing  on  the  alae  and  thrusting  its  head 
beneath  the  vexillum,  to  use  so  much  force  in  separating  the  alse 
and  vexillum  that  the  brush  and  piston  mechanism  is  set  in  action. 
Secondly,  it  ensures  the  perfect  return  of  all  the  parts  to  their 
original  position  when  the  pressure  is  removed,  and  so  causes  the 
flower  to  retain  its  youthful  appearance  and  to  receive  the  repeated 
visits   that   its   whole  construction  is  designed   for.       Thirdly,  it 
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escUides  all  iusects  from  the  honey  which  are  not  stror^  unough 
to  peri'urm  the  actions  necessary  for  fertilisation. 

Along  with  these  obvious  advauts^es,  the  firm  closure  of  the 
flowers  has  the  very  important  conse<|uence  that  it  makes  the 
Work  ditiieult  even  for  such  bees  as  are  able  to  reach  the  honey  and 
to  effect  cross-fertilisation,  and  deters  them  from  the  plant  -when 
<jther  more  convenient  flowers  are  at  hand.  In  its  original  home 
the  Pea  no  doubt  adapted  itself  to  some  strong  and  at  the  same 
time  diligent  and  skilful  species  of  bee,  which  could  easily  depress 
the  carina,  and  was  plentiful  enough  in  ordinary  weather  to  act  as 
the  regular  fertilising-agent.  Under  such  conditions  the  advan- 
tages of  firm  closure  would  outweigh  the  disadvantages.  In  our 
climate,  the  Pea  fails  to  find  bees  adapted  for  its  flower,  and  it 
would  be  much  better  for  it  uiuler  these  altered  conditions  to  have 
its  flowers  less  firmly  shut.  I  have  often  watched  beds  of  peas 
in  bloom  in  my  giirden  in  sunny  weather  and  have  only  occasionally 
seen  a  visitor,  while  beans,  blooming  at  the  same  time  in  alternate; 
beds,  were  abundantly  visited  by  huiiible-bec-s. 

The  ouly  insects  whiuli  I  huvo  seen  uii  tiiu  flowi-rs  in  the  course  of  four 
Bnnunera  are  :  (1)  Enceni  longicomia,  L  ;  (2)  Mugauliile  pyrinii,  Lcp  ; — the  (J 
of  both  Hpcciea,  s.  ;  the  $ ,  e.  and  r.p. ;  both  freq.,  but  not  ahuDtlunl ;  (3)  Two 
specimenB  of  Halietua  semotatiip,  K.  9  ; — Ihey  collected  pollen  with  difBculty, 
holding  the  edges  of  the  airlna  apnrt  aiil4Tiorly  with  their  Iqjs. 

Though  most  flowers  remain  unviaited  by  insects,  they  all  pro- 
duce good  fruit.  The  self-fertilisation  which  the  structure  of  the 
flower  necessitates  must  therefore  be  quite  efBcient;  and  this 
indeed  has  been  shown  experimentally  by  Dr.  Ogle,  who  found  the 
Pea  as  productive  when  insects  were  excluded  as  when  left 
unprotected  (633), 

Tribe  I'/iaaeoleie. 

Amphicariiwa,  according  to  Torrey  ami  Asa  Gray  (JV.  Amcr. 
Flora,  I.,  p.  291),  has  fertile  cleistogaiuic  flowers,  and  also  flowers 
■which  open,  but  are  for  the  most  barren.  Both  kinds  of  flowers 
are  above  ground,  Darwin  found  that  subterranean  pods  of 
Aviphicarpma  monoica  which  lie  received  from  Meehan,  contained 
each  a  single  seed,  while  the  ordinary  aerial  pods,  which  he  culti- 
vated himself,  contained  from  one  to  three  small  seeds ;  these  latter 
averaged  only  tV  of  the  weight  of  the  subterranean  seeds  (i67i 
2nd  Ed.). 

TLe  genera  NeurocarpHin,  Desv.,  Martiimo,  Schult,  Ghjdne,  L., 
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Galadia,  P.  Br.,  and  Voandzeia,  Pet.  Th.,  are  stated  by  H.  v.  Mohl 
and  Kuhn  to  possess  cleistogamic  flowers. 

Glycine  chinensis,  Curt.,  is  visited  by  bees  only  (590  ii.). 

CerUrosema  virginiana  and  Clitoria  mariana  both  have  their 
flowers  inverted  (729). 

In  Erythrina  crista-galli,  according  to  Delpino,  the  flower  is 
inverted,  the  ate  are  almost  entirely  aborted,  and  the  carina  forms 
a  sheath  covering  the  column  and  expanded  below  into  a  large 
honey-receptacle.  Since  the  stigma  somewhat  overtops  the 
anthers,  the  visitors,  probably  humming-birds,  touch  first  the 
stigma  then  the  anthers,  and  so  effect  cross-fertilisation.  In 
JE.  velutina  the  flower  is  not  inverted ;  the  alse  and  carina  are 
reduced  to  minute  rudiments,  and  the  column  lies  fully  exposed 
beneath  the  vexillum.  The  visitors,  probably  bees,  must  make  their 
way  between  the  column  and  the  vexillum  to  reach  the  honey, 
which  is  secreted  as  in  other  PapilionacesB,  and  so  they  come  in 
contact  with  the  stigma  and  anthers  (178,  360).  Belt  (56)  saw  a 
species  of  Erythrina  fertilised  by  humming-birds,  which  came  in 
search  of  small  insects  that  sucked  honey  in  the  flowers.  Trelease 
saw  Erythrina  herbacea  visited  abundantly  by  ruby-throated 
humming-birds,  and  believes  that  the  flower  is  adapted  for  cross- 
fertilisation  by  their  agency  (731). 

Darwin  states  on  the  authority  of  MacArthur  s  observations 
that,  in  New  South  Wales,  Erythrina  does  not  produce  good  fruit 
unless  the  flowers  are  shaken  (152). 

Phaseolus. — The  species  of  Phaseolus  are  distinguished  from 
the  other  Papilionacese  which  have  brush-hairs  on  the  style  by 
the  helicoid  twisting  of  the  style  and  of  the  tip  of  the  carina 
which  incloses  it;  but  here,  as  in  the  rest,  when  the  carina  is 
pressed  down,  the  tip  of  the  style  issues  with  its  stigma  and  pollen- 
brush,  and  these  return  within  the  carina  when  the  pressure  is 
removed.  The  twisting  is  towards  the  right  in  some  species  and 
towards  the  left  in  others,  according  to  Delpino,  and  shows  all 
stages  from  a  mere  sickle-shaped  curvature  (P.  angulosus,  etc.)  to  a 
helix  of  four  to  five  coils  (P.  Caracalla),  (172,  178). 

The  mechanism  of  the  flower  and  the  mode  of  fertilisation  in  the 
Scarlet  Eunner  (P.  coccineus,  Lam.)  have  been  thoroughly  described 
by  Mr.  T.  H.  Farrer  (240).  The  hive-bee  and  other  small  bees 
which  are  unable  to  press  the  carina  down,  obtain  the  honey  by 
taking  advantage  of  holes  which  a  humble-bee  (I  suppose  B. 
terrestris,  L.)  bites  through  the  calyx.     More  powerful  bees,  with 
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sufficieatly  long  proboscides.  nlight  ou  the  left  ala,  and  in  forcing 
the  proboscis  down  into  the  flower  bring  its  base  in  contact  with 
the  stigma. 

Now,  when  the  alie  and  the  carina  (which  is  united  to  them) 
are  further  depressed,  tliere  emerges  from  the  tubular  apex  of  the 
carina,  which  is  coiled  nearly  into  two  complete  whorls,  the 
similarly  coiled  style;  and  it  emerges  in  such  a  way  that  its 
stigma  points  downwards  sind  towards  the  left,  and  its  pollen- 
covered  hairs  come  in  contact  with  the  base  of  the  insect's 
proboscis,  dusting  it  with  fresh  pollen.  In  this  manner  is  cross- 
fertilisation    insured   and   self-fertilisation   prevented   in    case   of 
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insect-visits ;  in  absence  of  insects  self-fertilisation  cannot  occur, 
aince   the   stigma  protrudes  from  the  carina  while  the  pollen  is 

inclosed  within  it. 

The  similar  mode  of  fertilisation  in  the  Kidney  Bean  {Fhaseolna 
tidgaris,  L.)  was  described  ten  years  earlier  by  Darwin  (5 1),  who 
showed  by  experiment  that  insect-visits  are  essential  for  the 
fertilisation  of  this  plant.  Plants  covered  with  a  fine  net  remained 
completely  barren,  unless  the  action  of  bees  was  artificially 
imitated.  When  Darwin  repeated  the  experiment  on  a  larger 
scale  a  few  flowers  on  some  specimens  bore  fruit ;  small  insects 
(Thrips)  had  presumably  gained  access  to  these.' 

'  Dr.  Ogls  (No.  633)  also  gives  n  thoroil;ih  dssuription  of  tho  floral  m^chiinisni 
in  P.  vulgaris  (Vrencli  liena)  and  P,  OKfinrn  (Scarlet  Runiier).  Of  the  flowers  which 
Dr,  Ogle  prolceted  from  hees  by  me-aus  of  n  gsuie  net,  no  single  one  bore  fniit. 
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Darwin  had  also  shown  that  cross-fertilisation  by  insect-agency 
takes  place  to  a  large  extent  in  Phaseoliis.  Mr.  Coe  planted  four 
rows  of  Negro  Dwarf  Kidney  fieans  between  some  rows  of  white 
and  brown  Kidney  Beans;  near  by  were  some  Scarlet  Runners. 
He  let  the  black  Kidney  Beans  run  to  seed,  and  over  |  of  the 
beans  produced  showed  all  gradations  from  light  brown  to  black, 
and  some  were  mottled  with  white.  Of  the  plants  reared  from 
these  seeds  every  one  differed  from  the  rest  in  stature,  leaves, 
colour  and  size  of  flower,  time  of  flowering  and  of  ripening  fruit, 
size,  form  and  colour  of  the  pods  ;  and  the  beans  produced  by  them 
were  of  all  shades  between  black  and  light-brown,  some  dark- 
purple,  some  slightly  mottled,  and  of  various  shapes  and  sizes 
(151,152). 

In  P.  multijlorus  the  carina,  with  the  inclosed  style,  are  so  bent 
that  when  the  carina  is  depressed  the  style  emerges  pointing 
downwards  and  towards  the  left,  so  that  a  bee  can  only  accomplish 
cross-fertilisation  if  it  enters  the  flower  to  the  left  of  the  coil. 
Francis  Darwin  has  pointed  out  that  the  tenth,  free,  stamen  bears 
an  appendage  which  prevents  the  bee  from  taking  any  other  way 
towards  the  honey  (169). 

In  regard  to  Treviranus'  opinion  that  ijelf-fertilisation  is  the  general  rule  in 
Papilionacea;,  it  is  needless  to  discuss  his  arguments,  since  the  only  objection 
which  he  made  to  Darwin's  experiments,  viz.  that  the  nets  sheltered  the  plant 
from  movements  of  the  air  (742)  was  experimentally  refuted  hy  Darwin.  For 
the  flowers  in  which  Darwin  imitated  the  action  of  the  bees,  though  they  grew 
beneath  the  net,  were  completely  fertile. 


RETROSPECT  OF  PAPILIONACEJE. 

The  Papilionaceae  which  we  have  studied  are  all  fertilised  by 
bees,  and  in  spite  of  their  manifold  peculiarities  of  detail  they  all 
agree  in  the  following  points  regarding  the  arrangement  and 
function  of  the  parts  of  the  flower : 

The  flowers  stand  more  or  less  horizontal ;  except  Sarothamnus 
they  expose  the  stigma  and  pollen  to  contact  only  with  the 
ventral  surface  of  the  bee,  since  the  reproductive  organs  occupy  the 
inferior  side  of  the  flower  and  are  only  curved  upwards  at  the 
extremity.  In  the  bud  the  reproductive  organs  are  inclosed  by  the 
two  inferior  petals,  these  by  the  two  lateral,  and  these  again  by  tlio 
sui)erior  petal. 

The   two   inferior   petals   cohere    to   form   a  "carina,"   which 
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incloses  the  reproductive  organs  and  protects  tliem  from  rain  a 
from  pollen-feeding  insects.  The  two  lateral  petals  (alae)  have 
a  threefold  function,  sentug  (1)  as  a  platform  for  bees  to  ulight 
on ;  (2)  aa  a  lever  to  depress  the  carina ;  (3)  to  keep  the  carina  in 
its  place  as  regards  the  reproductive  oi^ans,  and  to  bring  it  back  to  j 
ita  place  after  depression  if  repeated  insect-visits  are  necessary  foff 
fertilisation.  In  order  to  serve  as  levers  for  depressing  the  caritu 
the  alie  must  be  united  Drmly  therewith.  This  is  either  accum 
plished  by  certain  areas  of  the  alar  laininse  bulging  out  and  bein 
received  in  hollows  of  the  carina,  or  by  iuterdigitation  of  proces 
on  the  contiguous  surfaces  of  both ;  and  such  union  is  the  firinel 
the  more  frequently  the  carina  has  to  be  depressed  and  i 
brought  back  to  its  original  position  in  order  to  ensure  cro 
fertilisation. 

The  carina  is  mainly  kept  in  its  proper  place  and  brought  b 
to  it  after  depression  by  basal  lobes  of  the  aliB  which  embra 
the  column;  sometimes  they  form  swollen  pouches  (Tri/oltufii)^ 
flometimes  they  are  produced  into  long  processes  (Meltlotui 
Mrdicago,  etc.). 

The  vexilluni,  with  its  large,  erect,  coloured  surface,  is  th^l 
chief  agent  in  rendering  the  flower  conspicuous;  it  also  serves-B 
as  a  fixed  point  or  fulcrum  against  which  o.  bee  may  place  its  headf 
while  it  pushes  the  carina  with  its  feet  resting  upon  the  aire. 

The  stigma  and  pollen  must  he  applied  to  the  ventral  surface'l 
of   the    bee    if   cross-fertiliaitiou    is    to  result.      The 
arrangement   is   attained   by   the   filaments   cohering   to   form  a 
cylinder  round   the   pistil.     In   all   Papilionaceie   which   contain 
honey,  the  honey  is  secreted  on  the  inner  sides  of  the  bases  of  the 
filaments,  and  it  accumulates  in  the  space  between  the  stamens 
and  pistil.     Since  the  reproductive  organs  have  to  come  in  contactd 
with  the  under  side  of  the  bee,  it  is  clear  that  access  to  the  bon^fl 
must  only  be  permitted  above  the  reproductive  organs.     We  find*^ 
accordingly,   that   in   all   Fapilionacese   which  contain  honey  th^J 
coherent  filaments  leave  a  passage  superiorly.     One  stamen  here 
is  separate  from  the  rest  and  leaves  two  entrances  to  the  honei 
free  on  either  side  of  its  base,  either  by  curving  upwards  at  itt 
base,  or    by  the   neighbouring  filaments  curving  outwards  thei 
or  in  both  modes  combined. 

The  arrangement  and  action  of  the  various  parts  of  the  tlowei 
*n  which  all  the  Papilionac«ie  (except  Onobrycliis)  agree,  cause  tht 
bees  to  act  and  move  in  a  perfectly  definite  way,  such  as  to  ensure 
•le  stigma  and  pollen  coming  in  contact  with  their  under  surface&l 


Four  different  types  of  structure  may  be  ilj^tiuguished  in 
Papilionacea?,  aceurding  to  tlie  manuer  iu  which  the  pollen  is 
iipplied  to  the  bee.  These  distinctions  were  first  drawn  by 
Delpiuo  (173,  178,  360),  and  transitions  arc  not  wanting  from  one 
to  another : 

1.  Papiliooaccce  in  which  the  stamens  and  stigma  emerge  from 
the  carina  and  again  return  within  it.  They  admit  repeated  visits. 
(Mrliloius,  Trifi/Hum,  Onoh-ychis,  Cytisus). 

2.  Fapilioiiaceee  whose  essential  organs  are  confined  under 
tension  and  explode  (Medicago,  Gmista,  iktrotkamnus).  In  these 
unly  one  insect's  visit  is  efTective,  sometimes  under  certain 
conditions  two  (Sarothamnus). 

3.  Fapilionacex  with  a  pi  a  ton- mechanism,  which  squeezes  the 
pollen  in  small  quantities  out  of  the  apex  of  the  carina,  and  not 
only  permits  but  requires  numerous  insect-visita,  (LUus,  Anihyllis, 
Onotiis,  Lupinus). 

4.  Papilionaceai  with  a  brush  of  hairs  upon  the  style  which 
sweeps  the  poUen  in  small  portions  out  of  the  apex  of  the  carina. 
They  for  the  most  part  require  repeated  insect- visits.  (^Lathyrits, 
Fisiivi,  Vicia,  Phaseohtf). 

In  all  these  groups,  tlio  stigina  and  the  iKiUen  are  applied  to 
the  under  side  of  the  bee.  The  pollen  can  therefore  as  a  rule  bo 
collected  quickest  and  most  conveniently  by  bees  with  abdominal 
brushes  ;  and  so  we  find  Lotus,  Ononis,  and  Genista  tinctoritt  visited 
especially  by  these  forms.  In  Sarothamnus  both  the  upper  and 
lower  surfaces  of  the  bee  are  dusted  with  pollen  and  come  in 
contact  with  the  stigma. 

In  those  Papilionacese  whose  reproductive  oi^ans  either  simply 
cmei^eor  spring  out  with  an  explosion,  cross-fertilisation  is  ensured 
by  the  stigma  projecting  beyond  the  anthers,  and  coming  first  in  con- 
tact with  the  bee.  In  those  forma  in  which  the  pollen  is  squeezed 
or  swept  out  bit  by  bit,  the  stigma  is  at  first  coated  with  its  own 
pollen,  which  lias  probably  no  action  upon  the  stigma  and  is 
rubbed  away  by  the  first  visitors;  and  the  stigma  only  becomes 
adhesive  and  so  capable  of  fertilisation  after  it.'i  papiilie  have  been 
exposed  to  friction.  In  absence  of  insects,  self-fertilisation  seems 
to  take  place  on  a  large  scale  in  very  few  Papilionacese  (Pisiim) ; 
in  several  it  occurs  to  a  small  extent  (Tri/olium  repais,  Vicia 
faha) ;  and  in  many  it  never  occurs  [FhoMoliis,  Onobryrhis, 
Sarothamnus).  In  cases  where  self-fertilisation  is  impossible  in 
the  ordinary  flowers,  clcistogamic  flowers  which  regularly  fertilise 
themselves  probably  compensate. 
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Though  almost  exclusively  adapted  for  fertilisalion  by  bees, 
many  Papilionaccse  allow  their  honey  to  be  stolen  by  Lepidoptera 
and  long-tongued  flies  (e.g.  Chiobryehis,  Lotus,  Mcdicago  fcUcata). 
In  others  (e.g.  Fict'n  septum)  the  petals  close  up  so  firmly  that  only 
those  bees  which  are  in  the  habit  of  burrowing  with  all  their 
strength,  can  force  an  entrance.  Such  forms  as  these  exclude  all 
visitors  which  would  rob  the  flower  of  its  honey  without  giving 
any  return ;  but  this  advantage  is  more  or  less  cancelled  by  the 
great  diminution  in  the  number  of  serviceable  visitors. 

Tri/olium  praiense  excludes  short-lipped  bees  from  its  honey 
by  adhesion  of  the  nine  coherent  filameiita  with  the  claws  of  the 
petals  to  form  a  long  tube ;  the  same  end  ia  attained  in  Vicia/aba 
by  the  length  of  the  claws  of  the  petals  and  of  the  calyx-tube. 
Both  plants  are  the  more  visited  on  this  account  by  the  hard- 
working humble-bees ;  but  on  the  other  hand  they  are  liable  to  be 
often  plundered  by  robber-bees  which  bite  through  the  tube. 

The  great  variety  of  arrangements  in  the  various  Papilionax^ese 
seems  to  be  partly  due  to  the  manner  in  which  every  advantageous 
modification  brings  some  disadvantage  in  its  train  ;  for  in  this  way 
it  is  possible  to  have  various  combinations  existing  together,  all 
perfectly  adapted  to  the  given  conditions  of  life 


l_-*BALPINIACE-E   AND  MIMOSACEJS. 

In  these  two  families  the  essential  oi^ans  are  freely  exposed. 
The  petals  or  the  stamens,  or  both  together,  attract  insects.  In 
MimosaeecB  the  flowers  ore  regular  and  united  in  capitula.  In 
Acacia  JulHrizzin  the  central  flower  of  the  capitulum  is  trans- 
formed into  a  great  nectary.  In  Am/ierstia  nohUis  the  carina  is 
abortive,  and  the  alee  assume  the  function  of  rendering  the  flower 
conspicuous ;  the  honey-receptacle  is  hollowed  out  into  a  long  tube, 
which,  together  with  the  brilliant  colour  ofrthe  flowers,  suggests 
humming-birds  as  the  fertiliser's  (17S,  360). 

Fritz  Miiller  found  Cassia  malUjuga  (Cwsalpiniaccaf)  abundantly 
visited  by  bees  {Xylocopa,  Cenh-ia)  in  South  Brazil.  The  pedicles 
were  covered  with  larvie  of  Memhracida-,  which  secreted  drops  of 
honey  at  the  posterior  end  of  the  abdomen,  and  this  honey  was 
sought  by  Tngonia  cacafogo  (S90,  III.). 

Cassia  (?)  is  visited  bv  humming-birds  (^Mimii^)  in  Cliili  (Darwin, 
No.  164). 
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Obd.    ROSACEjE. 
Tribe  Pruneas, 

127.  Prunus  communis,  Hcjds.,  a,  (P.  spinosa,  L.),  Blackthorn, 
Sloe. — When  the  flower  opens  the  style  stands  some  millimetres 
above  the  stamens,  whose  anthers  are  still  closed,  and  which  are 
bent  down  towards  the  centre  of  the  flower.  The  stigma  is  already 
mature,  and  projects  even  from  the  half-open  flower;  insects,  in 
alighting,  come  first  in  contact  with  it.  In  due  course  the  petals 
spread  out  into  a  plane,  and  even  further;  the  stamens  become 
erect  and  incline  outwards ;  the  anthers  dehisce,  beginning  with  the 
outermost ;  the  style  also  elongates,  and  overtops  the  shorter 
stamens  immediately  around  it :  its  stigma  is  still  fresh,  and  insect- 
visitors  may  therefore  now  lead  to  self-fertilisation.  The  flowers 
turn  towards  the  sun,  and  in  default  of  insect-visits  self-fertilisation 
may  take  place  by  pollen  falling  on  the  stigma. 

The  numerous  white  flowers  are  very  conspicuous  on  the  black, 
still  leafless  twigs ;  their  abundant  honey  attracts  numerous  insects, 
particularly  flies  and  Andrence,  all  the  more  that  the  plant  flowers 
early  (April  and  beginning  of  May)  in  advance  of  most  competitors. 

Visitors  :  A.  Hymenoptera — (a)  Apidce  :  (1)  Halictus  cylindricus,  F.  9,8. 
and  c.p.,  ab.  ;  (2)  H.  albipes,  F.  ? ,  ditto  ;  (3)  Andrena  dorsata,  K.  ? ,  cp. ; 
(4)  A.  parvula,  K.  9,8.  and  cp.  ;  (5)  A.  fasciata,  Wesra.  (J ,  s. ;  (6)  A.  albicans, 
K.  ?  (J ,  c.p.  and  s,  ;  (7)  A.  fulva,  Schrank,  ? ,  s.  and  cp.  ;  (8)  A.^fulvicrus, 
K.  9  tf  >  ^'  ;  W  A.  Qwynana,  K.  ? ,  s.  and  cp. ;  (10)  A.  rosoB,  Pz.  ? ,  s.  and 
cp.  ;  (11)  A.  Schrankella,  Nyl.  ?,  cp. ;  (12)  A.  atriceps,  K.  ?  (J,  s.  ;  (13) 
Nomada  succincta,  Pz.  (J,  s. ;  (14)  Osmia  rufa,  L.  (J,  s.  ;  (15)  Apis  mellifica, 
L.  9,  8.  and  cp. ;  {b)  Tenihredinidce :  (16)  Dolems  gonager,  KL,  s,  B. 
Diptera — (a)  Empidce :  (17)  Empis  rustica,  Fall.,  s. ;  (b)  Syrph'idce :  (18) 
Eristalis  arbustorum,  L.  ;  (19)  K  nemorum,  L.  ;  (20)  K  intricarius,  L.,  all 
three  s.  and  cp.  ;  (c)  Mu9cidcB :  (21)  Scatophaga  sterceraria,  L.  ;  (22)  S. 
merdaria,  F.,  both  sutking  ;  (23)  Chlorops,  s.  ;  (24)  Sepsis,  s.  ab.  ;  (25) 
Species  of  Antbomyia,  s.  ;  {d)  Bibionidce :  (26)  Bibio  Marci,  L.,  Lh.  C. 
Coleoptera — NitiduUdce  :  (27)  Meligethes,  l.li.  D.  Lepidoptera — Rhnpalocera  : 
(28)  Vanessa  lo,  L.,  s. 

128.  Prunus  Padus,L.,  Bird  Cberry. — This  species  agrees  on 
the  whole  in  its  proterogynous  arrangement  with  P.  spitiosa^  but 
the  stamens  remain  throughout  curved  inwards,  so  that  in  the 
second  stage  insect  visits  may  lead  to  self-fertilisation  more  readily 
than  in  the  preceding  species.  In  absence  of  insects,  spontaneous 
self-fertilisation   takes  place   regularly — since  the  inner  stamens 


dehisce  while  still  bent  down  below  the  stigma,  whose  edge  they 
come  in  contact  with  when  they  afterwards  rise  up. 

Vlsittira:  A,  Diptera— E/iip«?(r ;  (I)  Empia  liviJu,  L.  s.  ;  (2)  E.  nwlii-u, 
Fallen,  b.  AIbo  nnmemua  small  gniitii,  licking  honey.  B.  Hymenoptern — 
Apidai  (3)  Andrena  paiTula,  K.  ?,  b.  C.  Coleoptem— JVi/Wu«rf« ;  (4) 
Mcligetbes,  Lh.    Sec  nUo  No.  590,  11. 

129.  Phunus  domestica,  L.,  P,  avium,  L„  and  P.  Cerasl's,  L. 
— Anthers  and  stigmas  ripen  simultaneously,  and  spread  apart  out 
of  the  flower;  the  stigmas  overtop  the  inner  stamens  but  stand 
on  a  level  with  the  outer  ones.  Cross-fertilisation  is  favoured  by 
the  likelihood  of  insects  touching  the  'stigma  and  anthers  with 
different  parts  of  their  bodies  while  sucking  the  honey  secreted  by 
the  receptacular  tube.  Insects  collecting  or  feeding  on  pollen  must 
lead  to  self- fertilisation  and  cross-fertilisation  indiscriminately.  In 
flowers  obliquely  placed,  pollen  may  readily  fall  from  the  taller 
anthers  upon  the  stigma. 

ViflitoTB:  A.  Hymenopteta — A}>iiiir :  (!)  Apis  inellifiiM,  L.  ?,  s.,  very 
ab.  ;  (2)  Boiubus  kpidariiw,  L.  J  ;  (3)  B.  terrcstris,  L.  ?  ;  (4)  B.  hortitriini. 
k  2,  all  three  Bucking;  (5)  Oamia  mfa,  L.  ?<J,  b.,  ab.  ;  (6)  0.  mrnulu, 
Latr.  ?  (J,  B.  ;  (7)  Andrena  fulvo,  Sehr.  ?,  f.  and  c.p.  ;  (8)  A.  albicans, 
K.  9  5i  c.p  and  B,  ;  very  ab.  B.  Diptera— SyrpAirfre  .-  (9)  Rhingia  ro»tratii, 
L.,  8.,  ab.  ;  (10)  EristaliB  tenax,  L.  ;  (11)  E.  aTbiistorum,  L.,  8.  C.  Lepi- 
duptera— i;Aopo(oeei-<i ;  (12)  Pieria  brasaicie,  L.  ;  (13)  P.  rapie,  L.  ;  (14)  P. 
nnpi,  L.,  all  three  Bucking.     Bee  al«i  No.  590,  11. 


Tribe  Spiract. 

130.  Spik*;a  ulmaria,  L. — The  flowers  contain  no  honey  but 
a  great  quantity  of  pollen.  The  stamens  at  first  arch  over  towards 
the  middle  of  the  flower,  so  as  to  cover  the  stigmas  completely  j 
they  gradually  become  erect  and  incline  outwards  in  centripetal 
anccession,  and  the  anthers  then  dehisce,  covering  themselves  all 
round  with  pollen.  When  the  stamens  have  risen  up,  the  centre 
of  the  flower  becomes  the  most  convenient  place  both  for  small 
insects  to  settle  on,  and  for  lar^jer  insects  traversing  the  inflorescence 
to  step  upon.  Cross-fertilisation  is  thus  readily  performed,  but 
self-fertilisation  is  also  very  liable  to  occur. 

The  crowded  inflorescences  not  only  attract  numerous  insecta 
but  also  lead  to  great  economy  of  time  in  the  process  of  fertilisation. 
In    the    absence  of   insecte,  self-fertiJisalion   almost   always   takes 
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place,  and  cross-fertilisatioa  may  also  occur  by  the  outer  Btameos 
of  one  flower  coming  to  stand  over  the  stigmas  of  the  next. 


ViBitors:  A,  Hymenoptem— (a)  Apidm:  (1)  Apis  mellifiea,  L.  tf,nb., 
cp. ;  (2)  Anilr«na  C'oitona,  K.  5 .  c.p.  ;  (3)  Progopis  communis,  Nyl,   ? ,  f.p.  j 

(6)  Chryt'ulo: :  (4)  Chry sia  ignito,  L.  ;  (S)  ElampiiH  auratua,  Wesm.  ;  (6) 
Hetlycbrum  lucidutuiii,  F.  (I  have  never  seen  Ckrytida  eating  pollen,  and  so 
I  suppose  thtit  these  species  were  attracted  by  the  flowers  without  finding  any- 
thing useful  in  them).  B.  Diptera — (o)  SyrphidtE .-  (7)  Eriatalia  horticola, 
Dt^.  (Sid.)  ;  (8)  E.  arbnstorum,  L.  ;  (9)  E.  nemomni,  L.  ;  (10)  E.  tenai,  L.  ; 
(11)  E.  sepulcralis,  L., — all  eating  pollen,  in  great  numbers  ;  (12)  Volucella 
bouibylans,  L.  j  (13)  Helophilus  floreus,  L.  ;  (14)  Syritta  pipienn,  L.,  all  f.p.  ; 
(6)  Mutcidir::  (15)  Anthomyia  sp.  C.  Coleoptera— (a)  NitidvUda :  (16)  Cy- 
chramiis  luteus,  F.  ;  (6)  Demuitida  :  (17)  Anthrenna  pimpinelltc,  F.  ;  (r) 
Lametlicomia:  '(18)  Tricbiua  fasdatuB,  L.  ;  (19)  Cetonid  aurata,  L.,— -both 
feediDg  on  the  tisniies  of  the  flower  ;  (d)  Mordellida  :  (20)  Mordelln  aculvnia, 
L  ;  (e)  Crrambycid^  :  (21)  Pachyta  8-maculata,  F.  (Sid.) ;  (22)  Strangnlift 
attenuatn,  L.,— both  feeding  on  the  anthers. 

131.  Sp1R*:a  FlLIPENDULA,  L. — The  flowers  secrete  no  honey, 
and  are,  therefore,  visited  only  by  pollen-seeking  insects,  which, 
owing  to  the  position  of  the  parts,  usually  alight  on  the  stigmas  and 
perform  cross -fertilisation.  The  petals  are  bent  backwards  and 
downwards  when  the  flower  is  fully  expanded,  and  they  are  attached 
by  such  narrow  claws  that  they  dip  down  under  the  weight  of  a 
small  bee  or  fly,  and  are,  therefore,  unsuitable  for  a  standing-place. 
The  stamens  before  dehiscing  are  bent  far  outwards,  and  in  the 
centre  of  the  flower  nine  to  twelve  broad  bifid  styles  spread  out  into 
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a  horizontal  plane,  forming  n  dine  round  whoat)  odge  tho  stigma*, 
directed  outwards  and  upwards,  stand.  In  absence  of  insQcts,  sq|f. 
fertiliaatiou  may  readily  take  place,  since  tlie  iunercnost  stamens 
often  remain  directed  iiiwardn  until  dehiaconco  lias  taken  plaCL>. 

Viailiirs:  A.  Hymenoptera— vljiWui .-  (1)  Ilnlictiw  nonnhiii,  Sni,,  J.  cp.  1 
(2)  H.  BcxnoUius,  K.,  ? ,  c,p.  B.  Diptera— SyiyAiVw :  {3)  EristaliB  arbuu- 
tonim,  L. ;  (4)  E.  nemorum,  L.  ;  (6)  Helophiliw  floreii*.  L.  ;  (0)  SyritUi 
pipienn,  L.— nil  eating  pollen.  C.  Co\eoptt.'ra—LameUirorma;  (7)  Trifhiiw 
fawiatua,  L.,  rnpidly  devouring  the  niithi^rs. 
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132,  SpinJiA  Aruncus,  L.- 
devoid  of  honey. 

ViBitori  (in  my  garden  at  Lippetadt)  ;  A.  Hyiruinnptem  (n)  Ajiiilas  .- 
(1)  Prosopis  aignftta,  Vz.  <2  (J,  f.p.  ;  {b)  Spkegiilw:  (2)  OxjIh^Iiib  Mian,  Dlb., 
f.p. ;  (c)  Vrtpidai :  (3)  Odynefus  sinnatua,  F,,  seeking  vainly  for  honey.  B. 
Diptera— (o)  Syrphida :  (4)  Syritta  pipiona,  L,,  f.p.,  very  al>,  ;  (6)  MutciJa : 
(3)  Species  of  Anthomyia,  f.p.  C.  Coleoptera— (o)  NiliiiuHdm :  (0)  Meligethcft, 
ak ;  (i)  Dermeiliila :  (7)  Anthrenus  Scropbularia',  L.,  nfl  iunt  ;  (9)  A. 
pirapinellie,  F.,  very  nb. ;  (fl)  A.  claviger,  L.,  Bcarcp.. 

133.  SPIR*\  SALICIFOLIA,  L.,  S.  ULMIPOLIA,  L.,  S.  HORBIFOLU, 
L. — These  commonly  cultivated  species  secure  very  numerous 
insect-viaita  by  their  densely  crowded  infloreaceneea  and  their 
abundant  pollen  and  honey.  The  distinctly  prot«rogynoua  condi- 
tion of  the  flowers  favours  cross- fertilisation  to  a  great  extent,  but 
self-fertilisation  is  also  provided  for  in  case  of  continuous  wet 
weather.  An  annular,  orange-coloured  disk  in  tlie  base  of  the 
receptacuiar  tube,  internal  to  the  insertion  of  the  stamens,  secretes 
abundant  honey  in  the  form  of  small  drops.  In  S.  mlid/olia,  this 
disk  has  ten  notches. 

Already  before  the  flower  opens,  the  broad  stigniaa  are  provided 
with  papillae  and  overtop  the  incurved  stamens.  When  the  flower 
expands,  the  stamens  gradually  rise  up,  and,  one  by  one,  beginning 
with  the  outermost,  their  anthers  deliisce,  coating  thomaelves  all 
rouud  with  pollen.  The  stigmas  atill  remain  fresh,  aD<l  thus,  though 
at  first  only  cross- fertilisation  is  possible,  lat«r  on  self-fertilisation 
also  may  take  place. 

The  three  species  grow  with  us  in  the  same  localities  and  in 
nearly  equal  abundance.  They  are  visit«d  by  the  same  ingecta,  and 
I  have  grouped  the  %-isitorB  in  a  single  list. 

A.  Diptera — (n)  Stmfiomyiiiir  .-  (1)  Stratioinyw  riparin,  Mgn.,  s. ;  (h) 
Empidce :    (2)    Empis  optica,   F„   ah.  ;    (3)    E.  l.HBaclala,  K.,  very  ab.  ;    f4)  E. 
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punctatA,  F.,  all  three  sucking  ;  (e)  Syrphidre;  (5)  Ctuywtoxnm  festivum,  L. ; 
(6)  Pipiuk  funebria,  Hgn.  ;  (7)  ChrysogOBter  viduato,  L.  ;  (8)  Syrphus  ribe«ii, 
L.,flp.  ;  (0)  S<  eiciauB,  Zett.  ;  (10)  Helithreptus  strigatug,  Stteg.  ;  (11)  Ascia 
podagrica,  F.,  s. ;  (12)  A.  lanccolata,  Ugn.,  do. ;  (13)  Rhiagia  rostrata,  L.,  a., 


F; 

m  -«.- 

-Bpira. 

M«blfoUa, 

L. 

Itnwi 
ttto. 

M.  1 

itigm. 

tnthf n  (d)  hiTB  fi 

,,«...„„i 

vMy  ab.  ;  (U)  Voliicella  pliimato,  Mgn.  ;  (15)  Eriatalis  arbuBtorum,  L.  ;  (Ifi) 
K  nemornin,  L. ;  (17)  E.  RopiilcrnliB,  L. ;  (18)  E.  tenax,  L. ;  (19)  E.  pertinnx, 
Scop.  ;  (20)  E.  intricariiiis  L.,  all  both  b,  and  f. p.,  very  ab.  ;  (21)  Hplr.philiii' 
flo^e^^  L.,  k,  freq.  j  (22)  Xylota  ignava,  Pr. ;  (23)  X.  Mgnia,  Pi.  ;  (24)  X. 
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lentfl,  P/.  ;  (25)  Syrilta  pipioiiB,  L,,  n.  and  f,p.,  very  ub.  ;  (d)  Qjnopidie  t  (86) 
PhyBuceplials  riillpM,  F.,  a.  ;  (i!7j  Mynpit  polyntiKnia,  Ronilnni,  b.  ;  (f)  Mat- 
eidm:  (28)  OyunoBonia  ruIundaUi,  L.  ;  (29)  Gchinum.via  fcm,  L. ;  (30)  £. 
mBgnicomU,  Zctt.  (Tekl.  B.) ;  (31)  Sarc^opbaga  uaniaria,  L.,  b.  ;  (32)  S. 
albiceps,  Mhii.,  do.  ;  (33)  Onesin  rognala,  Mgn.  ;  (34)  0.  floralin,  R.  D,  {botli 
idenlilicU  by  Herr  WiancrU)  ;  (3S)  Mcienibrina  meridiano,  L.  ;  (3(t)  Ludlia 
comiciDa,  F.,  b.  ;  (37)  L.  gilvitniiii,  Mgn.,  e. ;  (38)  Mimcn  uurvina,  F.  ;  (30) 
Oytoneura  simplex,  Lcew.  (identified  by  Herr  Winnertz) ;  (40)  upecioa  oi/ 
Anthoinyin;  (/)  Bibionida :  (41)  Bibio  hortulamiH,  L.,  I.h.  ;  (jj)  I'ipulidix: 
(42)  Pauhyrrbina  pratunain,  L.,  do.  ;  (h)  Chironomida :  (43)  Cerntnpognn, 
very  ab.,  n,  B.  Hymenopterfi— («)  Tenthretiiniila; ;  (44)  Tenthredn  bicincta, 
L.,  Lb.  J  (fr)  Ichneutaonidie  ;  (40)  Varioua  j  (o)  Formicida  :  (4fi)  Many  Bmiill 
antB  lick  tbe  boney,  and  alio  capture  the  iiumernuii  Binall  midKei  vihu-ii  nra 
attracted  by  it ;  (rf)  Chryiiiitt .-  (47)  Hedyclirum  lucidnlum,  P.  $  \  («) 
Bpktgtda:  (4B)  OxyheluK  uniglumia,  L,  very  ab.,  b.  ;  (49)  0.  UJltis,  Dlb., 
do,  ;  (50)  Crabro  UpidariuR,  Pz.  ij,  a. ;  (51)  Pren  atratiiB,  Vr..,  a.  ;  (92) 
FaualoDcus  monilicorniB,  Dlb.  ? ,  a. ;  (S3)  Cerceris  arenaiia,  L.,  not  mre  ;  (M) 
Ammophi la  Babul (iBa,  L,  ;  (A&J  P(i:npiliiii  nnglcctuB,  Wchdi.,  b.  ;  (/)  Vetpidm! 
(6fl)  Odvnenii  qtiinquefaBciatuB,  F.  ;  {g)  Apidtt.-  (n7)  Halietus  BexBtrigatui, 
Schenck",  5,  ».  i  (58)  H.  Beinotatus,  K.  9.c,p.  ;  (69)  H.  flavipea,  K.  ?  ;  (flO) 
Andrena  albicrus,  K.  IS'  <^P'  '^■><1  '^'i  "''■  '•  ("')  ^'  fi«^tai  3i>i,  $,  a.  nnd 
cp.  ;  (62)  A.  Schrankolla,  Nyl.  (^.  »,  ;  (83)  A.  fuivicms,  K.  ^,  n.  ;  (64)  A. 
parvulft,  K.  ? ,  B,  and  t.p.,  ab.  [  (65)  A.  domata,  K.  ? ,  b.  and  c.p„  very  ftb. ; 
(66)  A.  ulbica[l^  K,  ? ,  a.  nod  cp.,  ab,  ;  (67)  A.  nigroixnea,  K.  J ,  a.  ;  (68)  A. 
Trimnieranii,  K,  ? ,  b.  ;  (9»)  OBmia  nifa,  L,  ? ,  cp. ;  (70)  BonibuH  tcrreatru, 
L.  9,c.p.  and  ■,;  (71)  B.  Benilja,  Siti,  S,  cp.  ;  (72)  B,  Scrunahiranuii,  K.  t} , 
e.p,  ;  (73)  Apis  mellificn,  L.  ? ,  cp.  and  «.  C,  Colsoptera— (a)  Dermettida  : 
(74)  Authrenua  Bcropliulariie,  L,  ;  (75)  A.  piiiipinellio,  F. ;  (76)  A  musc- 
onuD,  L.  J  (77)  AttaguuUB  puUio,  L. ;  (78)  Byturus  fumatun,  L.,  oil  flvc  very 
ab,,  Lb,  ;  (b)  Nitiiiutidit  i  (IV)  MeligelbeH,  ab.  ;  (c)  ElalerUla  ;  (60)  Lacon 
murinuH,  L, ;  (81)  Cardiophoma  cinerenn,  Hbst.,  l,h, ;  (rf)  Lamtllieonia :  (88) 
TricbiuH  fnaciatuB,  L.  ;  (83)  Ptiyiloiiertlia  borticola,  L.,  both  feeding  on  th« 
liBHUeB  of  the  flower;  (e)  Malacodermain  .-  (M)  MalacliiuH  bipiuLulatila,  F., 
devouring  tli8  anthers ;  (85)  Daajtex  llavijiCB,  L. ;  (/)  MordeHUIa::  (Stt)  An- 
BBpis  fronlalia,  L,,  ab.  ;  (87)  A.  riiauubito,  Foiirc,  both  Lh.  ;  {g)  Ceranihyeidtr  : 
(88)  Clytiia  arietia,  L.,  Ih, ;  (89)  Slningalin  nigra,  L.  j  (90)  Str,  uttenn»tB,  L., 
freq*;  (91)  8.  arawta,  Hbst  ;  (92)  Leptura  livida,  K.,  very  ab,  ;  (03)  Oram- 
□loptera  ruftpomis,  F.,  all  Ih.  ;  (A)  Gtlelidtr:  (94)  Cistela  niurina,  L.,  ab., 
feeding  on  the  anthen  and  other  timncfl.  D.  Ncuroptera— (95)  Fanorpa 
oummuniH,  L,,  I.h, ;  (96)  Agrion,  flew  nut  infrequently  on  to  flowers  of  Spimt 
bntapparenlly  only  to  Biin  itself  (June  4,  1R70).  E.  LepidoptMa'-(97)  Tor- 
trii  plimibagana,  Tr.  ;  (98)  Adela  BUJzella,  W,  V,,  ab,,  h,  (both  identified  bj 
Ur,  Spcyer).    Sue  aim)  No.  590,  11. 

Tribe  Rubetr. 

134.  KUBrs  lD*us,L.(llaspl)€:iTy).— lu  tlie  Raapberry  and  Black- 
berry honey  is  abimdantly  secreted  by  a  fleshy  ling  or  disk  upon  I 
the  border  of  tlie  receptncuiar  tube,  internal  to  the  attachment  of  ' 
the  stamens.     In  the  Raspborry  the  small  narrow  petals  remain  1 
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erect,  and  even  inclined  towards  one  another  above,  and  the 
stamens,  which  dehisce  either  on  the  side  towards,  or  on  that  away 
from,  the  centre,  have  no  room  to  spread  out,  but  remain  closely 
packed  between  the  styles  and  petals ;  so  that  an  insect  may  easily 
insert  its  proboscis,  but  scarcely  its  whole  head,  between  the  styles 
and  stamens  to  reach  the  honey-secreting  ring.  The  accessibility  of 
the  honey  is  thus  greatly  reduced,  but  at  the  same  time,  since 
part  of  the  stigmas  come  in  contact  with  the  anthers,  self-fertilisation 
is  insured.  In  the  event  of  insect-visits  cross-fertilisation  is  easily 
accomplished;  for  the  insect  often  alights  in  the  centre  of  the 
flower,  touching  the  stigmas  first,  and  in  bending  the  head  down 
between  stigmas  and  stamens  the  former  may  easily  be  dusted  with 
pollen  from  another  flower.  The  much  less  conspicuous  flowers  and 
less  accessible  honey  cause  insect-visits  to  be  fewer  and  less  varied 
than  in  the  case  of  the  bramble;  and  self-fertilisation  is  very 
frequently  made  use  of. 

ViHitow :  A.  Hynienoptera — (a)  Apulat :  (1)  Apis  inollifica,  L.  5 ,  very 
ab.,  both  8.  and  c.p. ;  (2)  Boiubus  agrorum,  F.  9 ,  s.,  ab.  ;  (3)  B.  pratorum,  L. 
9  cf  >  "•  a^d  c.p.,  freq.  ;  (4)  B.  hortorum,  L.  ? ,  c.p.  ;  (5)  B.  senilis,  Sm.  9,8.; 
(U)  B.  silvarum,  L.  ^,8.;  (7)  Andrena  nigroomea,  K.  (^ ,  a.  ;  (8)  A.  albicrus, 
K.  cf ,  8. ;  (0)  Halictufl  sexnotatufl,  K.  9  ;  (10)  H.  lucidus,  Schenck,  ^  ;  Ul) 
H.  nitidiuBculuH,  K.  9>  ^11  tlireo  Hucking ;  (b)  S2)hegidm:  (12)  Qorytes 
myHtaceuR,  L. ;  (r)  Tenthredinida' :  (13)  Tonthredo  ruMtica,  L.  B.  Diptera — 
Syrphida:  (14)  Rhingia  roMtraia,  L.,  8.  and  f.p.  ;  (15)  Volucella  pellucens,  L. 
(Sid.),  8.  and  f.p.  C.  Coleoptera — (a)  Dermesiida; :  (16)  Byturua  fiunatua,  L., 
devouring  the  anthers  and  licking  honey ;  {b)  Cerambycida :  (17)  Pachyta 
S-niaculata,  F.,  licking  honey  and  feeding  on  the  tiaauea  of  the  flower,  ab. 
in  Sid. 

13.5.  RUBUS  FRUTIC0SU8,  L.  (Blackberry,  Bramble). — The  flowers 
of  the  bramble  have  advantages  in  several  respects  over  those  of 
the  Raspberry ;  the  large  petals,  spreading  out  flat,  are  very  con- 
spicuous; and  the  stamens  also  spreading  outwards  leave  the  honey- 
secreting  ring  easily  accessible.  These  two  characters  induce  much 
more  numerous  and  varied  insect-visits  than  the  Raspberry  obtains. 
The  outermost  anthers  are  the  first  to  dehisce,  and  the  sti^^nias 
ripen  at  the  same  time ;  and  most  flowers  have  been  croHs- 
fertilised  before  the  inner  anthers  are  mature.  Insects  may  alight 
with  equal  convenience  either  in  the  centre  or  at  the  circumfiircnco 
of  the  flower,  and  therefore  come  in  contact  either  with  tho  stigmas 
or  with  the  ripe  stamens.  Only  the  iinujnnost  stamens  rise  up 
after  they  have  dehisced,  to  come  in  contact  with  the  outermost 
stigmas. 

Q  2 


228  THE  FEETILISATION  OF  FLOWERS.        [paet  hi. 

Visitow  :  A.  Hymen  opt<?rft—(o)  Apiila:(\)  Api»  mellifica,  L.  (?,c.p.and 
B.,  very  ab. ;  (2)  Bombus  agrorum,  P.  ?  ;  (3)  B.  KiireBl.ria,  L.  5  !  (•*)  B. 
hortoram,  L.  (J  ;  (5)  B.  pratonuw,  h.  <}  ^ ;  (8)  B.  ScrimsliiranuB,  K.  ?  ;  (7) 
B.  BiivaJum,  L.  7,  all  these  liumble-besH  BoinetiniLit  euck,  Bomutimcs  collect 
pollen,  wliile  the  following  parasitic  liumble-beea  of  euurae  only  suck  ;  (8)  B. 
(Apathua)  vealalis,  Foiirc  ?  j  (0)  B.  carapeBtriit,  Pi.  9  i  (10)  Macropis  labiuUi, 
Pa,  5  ;  (11)  Aiidrena  Gwjnana,  K.  ?  ;  (12)  A.  uibic'ruH,  K.  (J  ;  (13)  A  thoraoica, 
K.  9  ;  (14)  HalictuH  ^onulua,  Snu  2  ;  (15)  11.  luciduliw,  Sclieiick,  ?  ;  (16)  H. 
Tilloaulus,  K.  2  ;  (17)  H.  aeinotatus,  K.  $  ;  (16)  H.  cylindricua.  F.  ?  i, 
(10)— (19)  all  sucking  ;  (19)  H.  leuco»oniu^  K.  ?,  c.p. ;  (20)  H.  albipea,  F.  ?, 
c.p.  ;  (21)  Cffilioxya  umbrina,  Sin.  9  $ ;  (32)  Nomada  ruficomis,  L.  j ;  (S3) 
N.  lineola,  Pc.  $ ;  (24),  N.  laterals,  Pz.  ? ;  (25)  N.  Fabriciana,  L.  ? ;  (2fl) 
Diphyaia  serratulie,  Pi.  $  ;  (27)  Osiuia  fusca,  Christ.  $  ;  (28)  Stelis  brcviuBculo, 
Nyl  (J  ;  (29)  Proaopia  exeiaa,  Schenck,  £  ;  (30)  P.  variesata,  F.  J  ;  (31)  P. 
oommuniB,  Nyl.  (J, all  Bucking;  (fc)  Sphegidir .■  (32)  Crabro  patelliitus,  v.  d. 
L.  $  (^  ;  (33)  OxybeluB  unig1unii»,  L,  ^  £  ;  (34)  Aramopliila  sabiiliisa,  L.  $  ^ ; 
(35)  A-  (MiscuB)  campestris.  Jur.  ^  ;  (36)  Ceroeria  nasuta,  Dlb.  ^ ,  all  auckins. 
B.  Diptera — (u)  Slratiom;/idiK  ;  (37)  Sargus  cuprarinn,  L,,  a.  ;  (38)  ClnyBOmyia 
formoBo,  Scup.  a,;{h)  Empii/as :  (S9)  Empis  livida,  L.,  ab.  ;  (40)  E.  teaKtatA, 
F.,  both  sucking;  (c)  Syrphidin :  (41)  Asuia  podagrica,  P.;  (42)  Syrjtta 
pipiens,  L.|  ab. ;  (43)  Eriatalis  t«nai,  L.,  ab.;  (436)  Helopliilus  pendnlws, 
L.,  lib.;  (44)  Clirysdtoxnm  arciiatum,  L.  (Sid.) ;  (45)  Volucella  pellucena,  L, 
(Sid.)  ;  (46)  Rhiiigia  ruatrata,  L.,  all  Bomi^tinica  BUcking,  aointimes  collecting 
pollen  ;  (d)  Conopiila;  (47)  Phyeocephala  nifipes,  ¥.,  e.  ;  (e)  TipuUda:  (48) 
Tipula  oleracea,  L.,  it.  C,  Coleoptera — (a)  DtrtaeMiiia ;  (49)  BytuniB  fuinatua, 
L.,  B.  and  feeding  on  the  tiBsues  of  the  flower  ;  (b)  £lalerida  ;  (50)  Diacantbus 
eeneua,  L. ;  (51)  Limoniua  cylindricuB,  Payk ,  both  feeding  on  the  softer 
tUanes ;  (c)  Lamtllicomia :  (52)  Tricbiua  faaciatna,  h.,  do.  ;  (d)  ISalaeO' 
derotala ;  (53)  Telephorun  msticus,  L.,  (54)  MalachiuB  bipuBtulatiia,  F.,  do.  ; 
{«)  (Edemeridm :  (56)  (Edemera  vireBcena,  L.,  do,  and  licking  honey  ;  (/) 
Ctramhycida:  (68)  Clytus  arieti«,  L.  ;  (57)  Leptura  Hvida,  F.  ;  (58)  Pachyt* 
S-maculata,  F.  (Sid.,  ab.)  ;  (59)  Stningalia  armnCa,  Hbat.  ;  (60)  S.  atro,  F.  ; 
(61)  S.  nigra,  L. ;  (62)  S.  melanura,  L.,  all  eometimee  licking  honey,  aometimes 
feeding  on  pollen,  authera,  and  other  parta  of  the  flower ;  {g)  NUidulida  :  (63) 
MeligetheB,  ab.  D.  Lepidoptera — Rhopalocern :  (64)  Argynnia  Paphia,  L. ; 
(fi5)  Pieris  cratoigi,  L.  ;  (66)  P.  napi,  L.  ;  (67)  Heaperia  paniacus,  F.,  all 
sucking.     Twenly-aii  additional  vifitore  are  enuineratfd  in  No.  590.  II. 

Huhua  saxatilis,  L.,  is  proterogynous,  vnth  long-livod  atigmas. 
Its  arrangements  for  cross-fertilisation  resemble  tliose  of  Cotoneasler. 


The  fertilising  agents  are  chiefly  bees  (6og,  fig.  85). 


Tribe   Fotentillem. 

Dryns  octopdala,  L.,  is  androdicecioua.  Its  hermaphrodite 
flowers  are  usually  feebly  proterogynous,  after  the  inaniicr  of  CfeviA 
nrbanum,  L. ;  but  sometimes  the  stigmas  are  covered  over  by  the 
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inner  stamens  even  for  some  time  after  the  outer  anthers  have 
dehisced,  and  such  flowers  therefore  are  essentially  proterandrous 
(609). 

136.  Geum  rivale,  L. — The  honey  exudes  in  numerous  minute 
drops  from  the  base  of  the  receptacular  tube,  and  is  diligently 
sought  by  humble-bees  while  most  of  the  flowers  are  still  in  the 
bud.  Boiriinis  terrestris,  L.  ?,  which  steals  honey  from  many 
different  flowers,  sucks  honey  in  Geum  rivale  also  from  the  -outside 
in  yet  unopened  flowers,  thrusting  in  its  proboscis  between  the 
sepals  and  petals.  Even  after  the  flower  is  expanded,  B.  terrestris 
often,  and  other  species  of  Bombus  occasionally,  obtain  the  honey 
in  this  way ;  but  for  the  most  part  humble-bees  hang  suspended 
to  the  flower,  which  they  grasp  with  their  mid  and  hindlegs, 
putting  their  forelegs  and  head  inside  the  flower.  The  outer 
portion  of  the  honey  they  seem  to  reach  more  easily  from  the 
outside.  This  liability  of  the  honey  to  be  reached  from  the  out- 
side is  a  serious  imperfection  in  the  flower,  which  thus  gets  deprived 
of  its  honey  without  receiving  cross-fertilisation  in  return. 

The  flowers  are  proterogynous,  and  in  young  flowers  the  ripe 
stigmas  project  far  beyond  the  still  closed  anthers.  Cross- 
fertilisation  is  thus  insured  if  at  this  time  a  bee  inserts  its  head 
in  the  legitimate  manner.  Later,  the  stamens  elongate  till  their 
anthers  stand  on  a  level  with  the  outermost  stigmas;  in  dehiscence, 
the  anthers  cover  themselves  all  round  with  pollen.  When  the 
flower  closes,  the  anthers  are  brought  in  contact  with  the  outer- 
most stigmas,  and  self-fertilisation  results,  unless  the  pollen  has 
been  removed  by  bees.  Since  the  plant  grows  sheltered  in  woods, 
it  is  visited  by  numerous  bees  even  in  unfavourable  weather. 

According  to  Mr.  T.  Whitelegge,  0.  rivale  is  occasionally  andro- 
monoecious  (774). 

Visitors :  A.  Hymenoptera— J/>i</a? ;  (1)  Bombus  terrestris,  L.  9  ;  (2)  B. 
lapidanuH,  L.  ?  ;  (3)  B.  confiisus,  Schenck,  ?  ;  (4)  B.  hypnorum,  L.  ?  ;  (5) 
B.  pratorum,  L.  ?  5  >  (6)  ^-  Scrimshiranus,  L.  9  9  ;  (7)  B.  hortonmi,  L. 
9  9 ,  very  ab.  ;  (8)  B.  agrorum,  F.  ?  ;  (9)  B.  fragrans,  K.  ? ,  very  scarce  ; 
(10)  B.  senilis,  Smith,  ?;  (11)  B.  silvanim,  L.  ?,  ab.,  all  sucking  (B.  sil- 
vanim,  9 » a°<l  B.  pratorum,  § ,  also  collected  pollen,  hanging  back  downwards 
to  the  flower) ;  (12)  Apis  mellifica,  L.  9  >  sucking  the  flowers  from  outside, 
ab. ;  (13)  Andrena  helvola,  L.  ? ,  seeking  vainly  for  honey.  B.  Diptera — 
Syrphidat :  (14)  Rhingia  rostrata,  L.,  very  ab.,  s.  and  f.p.  C.  Coleoptera — 
Nitidulidce :  (15)  Meligethes,  ab. 

Geuvi  reptans,  L.,  and  G,  montanum,  L.,  are  proterogynous  and 
androdioecious ;   that  is  to  say,  besides  the  ordinary  individuals 
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with  hermaphrodite  proterogynoua  fluwers,  other  plants  occur  io 
all  of  whose  flowers  the  pistil  is  suppressed  while  the  stamens 
remain  (609). 

137.  Geum  urbajium,  L. — The  flowers  arc  much  smaller  than 
those  of  G.  rivale,  and  appear  at  a  season  (July,  August)  and  in 
spots  where  many  more  conspicuous  flowers  compete  with  them. 
They  accordingly  receive  few  insect- visits,  and  rely  for  the  most 
part  on  self-fertilisation. 

Honey  is  secreted  hy  a  green,  fleshy,  annular  ridge  at  the 
base  of  the  receptacular  tube,  internal  to  the  insertion  of  the 
stamens.  When  the  flower  opens  all  the  stamens  are  bent  inwards, 
so  that  their  anthers  lie  close  upon  ihe  outer  carpels,  while  the 
inner  styles  with  ripe  stigmas  project  in  the  centre  of  the  flower. 
The  outermost  stamens  now  bend  outwards  and  the  anthers  dehisce, 
turning  their  pollen-covered  surfaces  upwards;  when  the  innermost 
stamens  dehisce  in  their  turn,  some  of  tLeir  pollen  almost  always 
comes  upon  the  outer  stigmas.  If  the  flower  is  visited  early  by 
insects,  its  feebly- marked  proterogyuous  dichogamy  may  insure 
cross- fertilisation ;  if  the  visits  are  deferred  till  later,  crossing  may 
still  be  effected  by  an  insect  which  alights,  dusted  with  pollen, 
in  the  centre  of  the  flower.  But  self-fertilisation  must  take  place 
very  often,  both  spontaneously  and  by  the  agency  of  insects  which 
alight  at  the  edge  of  the  flower. 

1  have  only  oliBerved  the  following  visitdra  :  A.  Diptern— SyrpAiJte  .-  (1) 
Melithreptua  seriptiif,  L  ,  s.  and  f.p.  B.  Colt^ojilvTa— Dfrmmtidir  .-  (2)  ByturuH 
funiatuH,  L,,  f.p. 

r  138.  Fragabia  vesca,  L.  (Strawberry). — The  honey  is  secreted 

by  a  narrow,  fleshy  ring  at  the  base  of  the  receptacular  tube, 

sheltered  between  the  stamens  and  the  outer  carpels.     The  petals 

spread  out  into  a  level  disk,  forming  a  convenient  alighting-place 

for  insects.     An  insect  standing  on  a  petal  must,  to   reach   the 

I  honey,  thrust  its  head  between  the  stamens,  and  bring  it  in  contact 

I  with  the  stigmas.     If  both  stigmas  and  anthers  ripened  together 

I  .    self-fertilisation  would  thus  he  occaaioned  directly  by  the  insects, 

I  but  as  a  matter  of  fact  the  stamens  come  to  maturity  much  later 

■  than  the  stigmas.     Cross- fertilisation  is  also  favoured  by  the  shape 

ft  and  manner  of  dehiscence  of  the  anthers ;  for  these  are  expanded 

^k  into  flat  disks,  so  that  the  intervening  spaces  are  so  much  narrowed 

^fc^^    that  even  Ralkius  and  the  smaller  flies  cannot  reach  the  nectary 

^^^^^^  with  their  heads,  without  ruhhi  ng  against  sonic  of  the  anthers.    The 
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anthers  dehisce  at  their  edges,  and  are  only  covered  with  pollen 
at  these  parts.  In  absence  of  insects,  I  have  noticed,  in  the  case  of 
plants  blooming  in  my  room,  that  some  pollen  falls  at  length  upon 
the  stigmas,  in  consequence  of  the  oblique  (light-seeking)  position 
of  the  flower. 

Visitors :  A.  Diptera — (a)  Empida :  (1)  Empis  livida,  L.,  >s.  ;  {h)  Syr- 
phidcB :  (2)  Eristalis  sepulcralis,  L.,  b.  ;  (3)  Syrphus,  s. ;  (4)  Melithreptus 
menthastri,  L.,  s.  ;  (5)  Rliingia  rostrata,  L.,  s. ;  (6)  Syritta  pipiens,  L.,  s.,  ab. ; 
(c)  AfttscidcB :  (7)  Anthomyia  sp.  ;  (8)  Musca  corvina,  F.  B.  Coleoptera — 
(«)  Dermestidce :  (9)  Anthrenus  pimpinellae,  F.,  Lh. ;  (10)  A.  scropholarise, 
L.,  Lh.  ;  (b)  Nilidulida :  (11)  Meligetlies,  ab. ;  (c)  Malacodermata :  (12) 
Dasytes  flavipes,  F.  ;  (13)  Malachius  bipustulatus,  F.,  both  species  licking 
honey,  and  also  devouring  the  anthers ;  {d)  Mordellida  :  (14)  Mordella  acu- 
leata,  L.,  Lh.  ;  («)  CerambycidcB :  (15)  Grammoptera  ruficomis,  Pz.,  not  rare, 
l.h.,  and  also  devouring  the  anthers.  C.  Thysanoptera — (16)  Thrips,  ab.,  s. 
D.  Uymenoptera — (a)  Apidos :  (17)  Prosopis  communis,  NyL  ? ;  (18)  Hal- 
ictus  lucidulus,  Schenck,  $,8.;  (19)  H.  sexstrigatus,  Schenck, ?  ;  (20)  An- 
drena  dorsata,  K.  $ ,  cp. ;  (21)  Nomada  sexfasciatus,  Pz.  $ ;  (22)  N.  rufi- 
comis,  L.  ? ,  B. ;  (23)  N.  signata,  Jur.  (J ,  s.  ;  (24)  Apis  mellifica,  L.  9  >  c.p.  ; 
(6)  Sphegidas:  (26)  Oxybelus  uniglumis,  L.,  Lh.  See  also  No.  590,  n,  and 
No.  609. 

In  the  United  States,  cultivated  species  of  Fragaria  incliDe  to 
dioecism. 

139.  PoTENTiLLA  VERNA,  L. — The  annular  ridge  on  the  inner 
wall  of  the  receptacular  tube,  which  surrounds  the  base  of  the 
stamens  and  is  marked  by  its  dark,  sometimes  reddish-yellow, 
colour,  and  bright  polished  appearance,  secretes  honey  not  in  drops 
but  in  a  very  evident  smooth  adherent  layer.  The  anthers  get 
covered  on  both  sides  with  pollen,  and  ripen  simultaneously  with 
the  stigmas.  Insect- visitors  alight  sometimes  in  the  middle  of  the 
flower,  sometimes  on  the  petals ;  in  the  latter  case  they  dust  them- 
selves with  pollen,  but  are  not  likely  to  come  in  contact  at  all  with 
the  stigmas,  as  the  honey-secreting  ring  lies  farther  outwards  than 
•in  the  preceding  species  ;  if  they  alight  in  the  middle  of  the  next 
flower,  cross-fertilisation  is  accomplished.  Self-fertilisation  must 
in  any  case  be  a  frequent  occurrence.  In  dull  weather  the  flowers 
close  partially,  and  at  night  they  shut  completely,  bringing  the 
anthers  in  contact  with  the  stigmas. 

Visitors  (from  April  21  to  May  24):  A.  Kymeno^teTs,— A pidce :  (1) 
Halictus  leucoputi,  K.  ? ,  s.  and  cp.  ;  (2)  H.  flavipes,  K.  $ ,  cp.  ;  (3)  H. 
pexstrigatus,  Schenck,  ? ,  cp.  ;  (4)  H.  cylindricus,  F.  ? ,  cp.  ;  (5)  Andrena 
albicans,  K.  ?  (J ,  cp.  and  s.,  ab.  ;  (6)  A.  albicrus,  K.  (J ,  s. ;  (7)  A.  nana,  K. 
^,  81 ;  (8)  A.  argentata,  Smith  (=  A.  gracilis,  Schenck),  (J,  s.  ;  (9)  A.  fulvi- 
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flattened  autbera  deLisce  edgewise  as  in  Fraijana,  and  only  their 
thin  edges  remain  coated  with  pollen. 

ViaiUjis;  A.  Hymcnoptera— JpiJic  :  (1)  Andreim  denticiilota,  K.  ?  J,  a. 
and  i^p,  J  (2)  A.  parvulii,  K.  ?,  c.p.  B.  Dipteu— (a)  jBomftyWrfa .-  (3)  Sys- 
ttcuhus  aulfureiii,  F.,  «,  (Sid.) ;  (ft)  ^rphidie  .-  (4)  Uhrysotoium.bicmetum,  L, 
freq.  (Sid.)  ;  (5)  Melithreptue  scriptus,  L.,  f.p.  ;  (0)  CheiloBk  ip.  (piclipcauits 
Egger?),  f.p.     See  also  No.  590,  il,  and  Nu.  609. 

PoteTitUla  airosanffuinea,  Lodd. — The  llowers,  according  to 
Dolpino,  are  proterandroiis,  with  short-lived  stigmas :  in  the  first 
Btage  the  anthers  are  unripe  and  radiate  outwards ;  in  the  second, 
they  stand  erect  on  a  level  with  tlie  stigmas.  AndTma  and 
Jlalictiis  were  observed  to  visit  the  flower  (178,  360). 

Potenlilla  argcniea,  L. — Twenty  species  of  in  sect- visitors  are 
enumerated  in  my  Weitere  Beobachtunj/cn,  u. 

PotentUla  SalifinirgejisU,  Haenke  (=  P.  aurea,  var.  ff),  P.  avrea, 
L.,  P.  grawiifioTa,  L.,  P.  cauleacens,  L.  fvide  Die  Alpenblumen,  pp. 
218—222). 

Sihbaldia  procuvihens,  L. — The  honey  lies  fully  exposed,  and 
the  tiny,  greenish-yellow  flowers  are  abundantly  visited  by  small, 
short-lipped  insects  (AfnsHdw,  Ants,  IckTieummiida:).  Stigmas  and 
anthers  ripen  simultaneously,  but  stand  too  far  apart  for  spontaneous 
self-fertilisation  to  take  place  (5og,  fig,  87). 

Tribe  Pi'Uriea. 

141.  AlcuemILLa  vulgaris,  L. — The  tiny  flowers  are  desti- 
tute of  a  corolla.     A  yellow  fleshy  ring  on  the  inner  wall  of  the 


K  Fid.  la.—AiekntUla  vidaarU,  L. 

I  1!— Ditto,  vlBmHlobllquFly,  from  .bemi. 

■  3.— Ditto,  with  Itum  peifcct  md  one  •bortlvc  itamea.  lUid  peifKt  ilile, 
H  4.— Ditto,  with  atrls  still  man  develoiped.  ind  *ll  tlic  lumcni  ibortive. 

■  B,  epiflillyx ;  b,  ralji ;  c,  atiudm  ;  t,  ibonlvo  ■biuisD  ;  1*,  ttlgmi ;  *,  nwluy. 

H  receptacular  tube,  which  surrounds  the  style  and,  later  on, 

H  ovary,  secretes  a  thin  layer  of  honey  and  gives  a  greenish-yelJow 

^k^  appearance,  at  a  little  distance,  to  liie  whole  inflorescence.     Owii 


tilow  ' 

wing  J 
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to  the  small  supply  of  honey,  insects  with  long  proboscides  do  not 
visit  the  flower  or  do  so  sparingly,  and  beetles  and  other  insects 
which  are  only  attracted  by  bright  colours  are  also  absent. 
Cross-fertilisation  is  favoured  by  partial  separation  of  the  sexes. 
Flowers  seldom  occur  in  which  both  male  and  female  organs  are 
equally  developed.  In  the  great  majority  of  flowers  either  the 
stamens  are  fully  developed  and  the  pistil  remains  so  short  as 
scarcely  to  project  above  the  honey -secreting  ring  (Fig.  76,  1,  2), 
or  the  style  is  long  and  exserted  (Fig.  76,  4),  and  the  anthers 
completely  aborted :  sometimes,  however,  flowers  occur  (Fig.  76, 
3)  in  which  one  or  two  stamens  are  developed  in  addition  to  the 
pistil,  the  others  being  suppressed. 

I  have  never  observed  a  case  of  self-fertilisation. 

At  Lippstadt  I  have  found  Alchemilla  vulgaris,  L.,  visited  by 
one  of  the  Syrphidae,  Xanthogramma  citro/asdaia,  Deg. ;  on  the 
Alps  by  three  butterflies  and  six  flies  {Alpenbl,  pp.  223,  224). 

Alchemilla  alpina,  L.,  A,  Jissa,  Giinth.,  and  A.  pehtaphylla,  L., 
are  frequented  by  short-lipped  insects,  and  do  not  diflfer  materially 
in  their  arrangements  for  fertilisation  from  A.  vulgaris.  They 
show  all  transition-stages  between  hermaphrodite  and  purely  female 
flowers ;  and  in  A.  Jissa,  at  least,  among  very  many  flowers 
bearing  seed  I  found  none  with  more  than  one  stamen,  so  that 
flowers  with  more  than  one  stamen  seem  to  have  lost  their  female 
functions  (609). 

145.  Agrimonia  Eupatoria,  L. — The  two  styles,  which  project 
from  the  centre  of  the  flower,  are  united  at  their  base  to  a  fleshy 
ring,  on  which  I  have  not  observed  honey.  The  five  to  seven 
stamens,  which  are  inserted  at  the  edge  of  this  disk,  bend  slightly 
inwards ;  their  anthers,  which  dehisce  laterally,  stand  on  a  level 
with  the  stigmas,  and  come  in  contact  with  them  before  withering 
by  bending  still  farther  inwards.  Insect-visits  are  scanty,  and 
must,  in  many  cases,  induce  mainly  self-fertilisation,  for  cross- 
fertilisation  only  results  when  the  insects  alight  well  in  the  centre 
of  the  flower.  Since  all  the  flowers  are  found  to  produce  seed, 
self-fertilisation  is  doubtless  quite  efficient. 

Eug,  Warming  gives  a  thorough  description  of  the  development 
of  the  flower  (762). 

Visitors  :  A.  Di]>tera — (o)  SyrjmidfE  :  (1)  Syritta  pipiens,  L.  ;  (2)  Ascia 
podagrica,  F.  ;  (3)  Melithreptus  scriptus,  L.  ^  (4)  M.  dispar,  Loew.  ;  (5)  M. 
pictus,  Mgii.  ;  (6)  M.  taeniatiis,  Mgn.  ;  (7)  Melanostonia  mellina,  L.  ;  (8) 
EriBtaliR  tenax,  L.,  all  f.p.  only  ;  (9)  Rhingia  roatrata,  L.,  do.  ;  (i)   Muscida  : 
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(10)  ^thomyiB  ep.,  f,p.      B.  Hymenoptcra— ^piifo .'  (11)  Ualicta*,  small 
species,  9 » c-p- 

146.  PoTERiCM  Sanguisorba,  L.,  is  anemophilous,  with  red 
penicillate  Btigmas,  and  anthers  hanging  out  of  the  flower  on  long 
thin  filaments.  On  June  27,  1869,  I  saw  a  wasp,  Odynerus 
pari^um,  L.  $,  settle  on  the  flower,  attracted  probahly  by  the 
red  colour ;  but  after  a  short  and  vain  search  it  flew  away  again. 

147.  Sanguisorba  officinalis,  L.— The  flowers  are  devoid 
of  petals,  whose  function  devolves  entirely  upon  the  calyx.     The 


_.— Ditto,  from 

D.— A  ae|Hl,  tlom  the  loilde.    <k  7.) 


calyx,  in  its  loivest '  part,  surrounds  the  ovary ;  its  middle  portion, 
constituting  a  fleshy  ring  around  the  base  of  the  style,  secretes 
honey ;  and  its  uppermost  part  spreads  out  into  four  dark  purple 
sepahne  lobes.  Anthers  {a)  and  stigmas  (s/)  are  developed  simul- 
taneously. The  divided  stigma  resembles  that  of  an  anemophilous 
flower,  and  is  doubtless  a  character  inherited  from  an  anemophilous 
ancestor  resembling  Poteriiim  (6og). 


Ti-ibe  Jfogeie. 

148.  BasA  CANINA,  L. — The  upper  border  of  the  calyx-tube, 

internal  to  the  attachment  of  the  stamens,  is  provided  with  a  thick 

fleshy  ring,  which  closely  surrounds  the  styles,  letting  the  fitigma.s 

only  protrude.     The  flowers  seem  either  to  secrete  no  honey  at  all 

'  The  loivpst  iiti'l  miJiUc  pari  fenllj  lielonj;  lo  the  receptacnl 


■  at  all,       J 
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or  only  a  thin  adherent  layer  of  it;  at  least,  I  have  never  found  drops 
of  honey,  in  spite  of  repeated  searching.  The  flowers,  which  attract 
notice  by  their  large  petals  and  their  strong  scent,  compensate  the 
numerous  insect-visitors  for  the  want  of  honey  by  the  abundance  of 
pollen  which  the  numerous  stamens  supply.  The  ring  surrounding 
the  style  is  of  material  importance ;  for  since  the  stamens,  when  the 
flower  opens,  are  inclined  outwards  and  the  petals  remain  directed 
more  or  less  upwards,  the  ring  and  the  stigmas  within  it  form  the 
only  convenient  alighting-place  for  insects :  thus  insects  coming 
dusted  with  pollen  from  another  flower  are  brought  into  contact 
with  the  stigmas  first.  And  this  is  the  only  character  present  to 
promote  cross-fertilisation,  for  stigmas  and  anthers  come  to  maturity 
together. 

In  long-continued  dull  or  rainy  weather,  insect-visits  may  cease 
almost  completely ;  but  the  flowers,  turning  towards  the  sun,  all 
stand  more  or  less  obliquely,  so  that  part  of  the  pollen  falls  upon 
the  stigmas. 

Visitors  :  A.  Hyinenoptera — Apidm :  (1)  Apis  mellifica,  L.  §  >  c.p. ;  (3)  An- 
drena  albicans,  K.  $  (^ ,  c.p.  and  f.p. ;  (3)  A.  fucata,  Sm.  $ ,  cp.  ;  (4)  Halictus 
nitidns,  Sclienck,  ? ,  cp. ;  (5)  Megachile  circnmcincta,  K.  ? ,  cp.  ;  (6)  Prosopis 
communis,  Nyl.  $  (J ,  f.p.,  ab.  B.  Diptera — 8yrphid<E :  (7)  Helophilus  florens, 
L. ;  (8)  Syritta  pipiens,  L.,  ab.,  both  f.p.  C.  Coleoptera — (a)  Nitidulida :  (9) 
Meligethes,  ab.  ;  (6)  Dermestida: :  (10)  Anthrenus  pimpinellae,  F.  ;  (11)  A 
scrophularise,  L.,  both  ab.,  f.p.  ;  (c)  Malacodemuita :  (12)  Anthocomus 
fasciatus,  L.  ;  {d)  Lamellicomia :  (13)  Cetonia  aurata,  L. ;  (14)  Phyllopertha 
Lorticola,  L.  (both  often  bite  large  holes  in  the  petals,  and  -often  even  devour 
the  stigm&s  and  all  the  anthers) ;  (e)  Mordellidce :  (15)  Mordella  aculeata,  L. ; 
(16)  Anaspis  frontalis,  L.  ;  (/)  Ceramhycidoe :  (17)  Rhagium  inquisitor,  F.  ; 
(18)  Strangalia  amiata,  Hbst ;  (19)  S.  nigra,  L.,  devouring  the  anthers  and 
other  delicate  tissues ;  {g)  Chrysomelida: :  (20)  Luperus  flavipes. 

149.  Rosa  centifolia,  L. — In  consequence  of  its  more  con- 
spicuous flowers,  this  species  is  still  more  largely  visited  by  insects ; 
for  though  I  have  observed  it  more  rarely  than  JR.  canina,  I  have  a 
longer  list  of  its  insect- visitors. 

A.  Hymenoptera — (a)  Apida:  (1)  Andrena  albicans,  K.  ?  (J,  c.p.  and  f.p., 
very  ab. ;  (2)  A.  pilipes,  F.  ?  (J,  do.,  scarcer;  (3)  A.  dorsata,  K.  ?,  c.p., 
ab.  ;  (4)  Halictus  zonulus,  Sm.  ?  ;  (5)  H.  sexstrigatua,  Schenck,  ?  ;  (6)  H. 
sexnotatus,  K.  ? ,  all  three  cp.  ;  (7)  Megachile  circumcincta,  K.  9  ;  (^)  ^'^• 
centuncularis,  L.  9 ,  both  c.p.,  ab.  ;  (9)  Prosopis  propinqua,  Nyl.  ^  d ;  (10) 
P.  communis,  Nyl.  9  6 »  ^^b  very  ab.,  f.p.  ;  (b)  Chrysidw :  (12)  Chrj'sis  ignita, 
L.  ;  (13)  Clir.  cyanea,  L.  ;  (r)  Sphegidce :  (14)  Crabro  patellatus,  v.  d.  L.  B. 
Diptera — Syrphidce :  (15)  Brachypalpus  valgus,  Pz.  ;  (16)  Erintalis  oeneiiH, 
Scop. ;  (17)  E.  nemorum,  L. ;  (18)   Chrysogaeter  viduata,   L.  ;   (19)   Syritta 
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pipienit,  U,  all  f.p.  C.  Coleoptera— (a)  Nitidulidir  :  (20)  Meligetlies,  ah.; 
b)  Dermalida  :  (21)  AntlirenuB  pimpinctlo!,  F.  ;  (ii)  A.  scropbulariie,  L. 
ab,  ;  {23)  A.  clanger,  Er.,  scarce  ;  (i)  Malarodenuata  :  (84)  Dasj'tes  sp.,  scarce  ; 
(25)  Antliocomiu  foBcititiis,  L.,  ab.  ;  {d)  iMimllicomia  ;  {26)  Cetonia  Biirala, 
L. ;  (27)  Phyllopertha  horticola,  L. ;  (88)  Melolontha  vulgariB,  L.,  oil  three 
devouring  the  soft  tUBueB  indiscrinunately  ;  (e)  Mordeltida-- :  (2a)  UordeUa 
aculeata,  L.  ;  (30)  Anaspia  rnHcoIlis,  F.  ;  (/)  CUteiida :  (31)  Cisleln  rourina, 
L.  ;  (g)  Crramftycuia  :  (33)  Strangalia  atra,  F. ;  {33)  S.  att^nuata,  L.  ;  (34) 
Grammoptera  mficomis,  F.,  very  freq.  ;  (35)  Clytus  arielis,  L.,  all  feeding 
on  the  soft  tissues,  cHpecially  the  nnlhcre. 

These  lust  two  lists  not  only  atford  a,  new  example  of  how 
increasing  conspicuousness  leads  to  more  Dumerous  insect-vLsits ; 
but  they  also  disprove  Delpino's  theory,  that  the  proper  fertilisers 
of  Rosea  are  Cetoniw'  and  Glapkt/rida:  and  that  therefore  the 
geographical  distribution  of  Roses  ia  limited  by  the  range  of  these 
beetles.' 

Mosa  ritbiginosu.,  L,,  produces  an  obvious  secretion  of  honey 
(590,  11.). 

Tribe  Fomea. 

150.  Pyrus  Malvs,  L. — The  five  stigmas  overtop  the  stamens 
and  ripen  before  them.  The  conspicuous  flowers  and  eaaily 
accessible  honey  attract  many  insects,  and  cross- fertilisation  is 
insured  by  the  proterogynous  condition,  and  also  by  the  prominent 
position  of  the  stigmas.  In  the  absence  of  insects,  self-fertiliaation 
results  ;  for  most  flowers  are  directed  sideways,  towards  the  light,  so 
that  pollen  can  fall  of  itself  upon  the  stigmas.  Here  and  there 
flowers  occur  in  which  the  stigmas  are  in  immediate  contact  with 
the  anthers. 

Visitors:  A  Hyinenoptera— («)  Apidm:  (1)  BnmbnH  terraatrij>  L.  J;  (2) 
B.  Bgrorum,  F.  $ ;  (3)  B.  lapidarius,  L.  S  ;  (■*)  B.  hortorum,  L.  9 .  *U  foir 
very  ab.  ;  (5)  Apia  meUifica,  L.  §  ;  (6)  Anthophora  pilipeg,  F.  9  ;  (7)  An- 
drena  albicans,  K.  (J  9 .  all  seven  b.  nnd  ftp.  ;  (8)  Halictiis  aexnotatus,  K.  9 ,  s.  ; 
(9)  Osmia  nifa,  L.  ^,  b.  {the  bees  almnst  always  alight  in  the  middle  of  the 
Rowers,  and  ao  usually  perfonn  croes-fertiliRation  even  in  older  flowen,  Bince 
the  stigmas  are  the  first  to  tonch  the  pollen-covered  belly  of  the  inaect).  (b) 
Formicida:  (10)  varinuB  species,  ab.,  s.  B.  Diptera — (a)  Bombt/lndK :  (11) 
BombylinB  major,  L.,  a.  ;  (b)  Empida  :  (12)  Euipis  livida,  L.,  b.  ;  (c)  HifTjihidas : 
(13}  Rhingia  roatrata,  L,,  veryfrai.,  usually  a.  but  also  f,p. ;  (14)  Syrphua 
pyrastri,  L.,  a  and  f.p.  j  (d)  Mutcvla :  {15)  Onenia  floralis,  H.  D.,  s. ;  (f) 
Bibiaauite:  (16)  DilnphUB  vulgaris,  M^n.,  very  ab.,  s. 
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151.  Pyrus  communis,  L. — The  stamens  axe  here  longer  than 
the  styles,  but  when  the  flower  opens  they  are  curled  inwards  and 
immature,  while  the  stigmas  are  ripe  and  project.  Cross-fertilisa- 
tion is  insured  only  if  insects  come  soon  after  the  opening  of  the 
flower.  In  absence  of  insects,  self-fertilisation  takes  place  as  in 
Pyrus  Maltcs,  I  have  often  observed  by  experiment  how  easily 
pollen  from  a  ripe  stamen  adheres  to  the  stigmas  of  a  flower,  long 
before  its  own  anthers  are  ripe. 

Viijitors :  A.  Diptera — (a)  Syrphidcs  :  (1)  Eristalis  tenaz,  L.,  very  ab.  ;  (2) 
E.  arbustonim,  L.  ;  (3)  E  nemorum,  L.,  ab.  ;  (4)  E.  intricarius,  L.  ;  (5) 
Syrittapipiens,  L. ;  (6)  Ascia  podagrica,  F.,  both  ab. ;  (7)  Melanostoma  mellina, 
L.,  all  the  Syrphidse  both  a.  and  f.p. ;  (6)  Mrucxdoi :  (8)  Anthomyia  radicum, 
R  D.  (J  ?,  very  ab.  ;  (9)  PoUenia  Vespillo,  F. ;  (10)  P.  rudis,  F.  ;  (11)  Musca 
corvina,  F. ;  (12)  M.  domeetica,  L.  ;  (13)  Lucilia  comicina,  F.  ;  (14)  Calliphora 
erythrocephala,  Mgn. ;  (15)  Sepsis  sp.,  all  s.  ;  (16)  Scatophaga  merdaria,  F., 
a  and  f.p.  B.  Hymenoptera — (a)  Apidas :  (17)  Apis  mellifica,  L.  5,  very 
ab.,  s.  and  c.p.  ;  (18)  Bombus  terrestris,  L.  9,8.,  scarce,  and  flying  away  after 
visiting  a  few  flowers  ;  (19)  Andrena  albicans,  K.  ?  (J ,  c.p.  and  s.,  ab.  ;  (20) 
A.  Gwynana,  K.  ?  ;  (21)  A.  parvula,  K.  ?  ;  (22)  A.  CoUinsonana,  K.  ?,  all 
both  8.  and  c.p.  ;  (23)  Halictus  rubicundus,  Cbr.  $ ,  cp.  and  s. ;  (6)  Fomiicidw : 
(24)  Lasius  niger,  L.  ^ ,  l.h.  ;  (r)  [Tenthredinidas :  (25)  Dolerus  gonager,  Kl., 
scarce  ;  (26)  Nematus  caprsese,  L.,  freq.,  s.  C.  Coleoptera — (a)  Nittdulida : 
(27)  Meligethes,  ab.  ;  (6)  Ourculionidce :  (28)  Rhynchites  sequatus,  L. ;  (c) 
Coccitiellidce :  (29)  Coccinella  14-punctata,  L.  ;  (d)  Pkalacridce :  (30)  Olibrus 
ajneus,  F.,  all  four  licking  honey.     D.  Thysanoptera— (31)  Thrips,  ab. 

152.  Pyrus  Aucuparia,  Gsert. — When  the  flower  opens,  the 
stamens  are  still  immature,  the  outer  ones  standing  erect,  the  inner 
ones  bent  inwards  so  that  their  anthers  are  placed  below  the 
stigmas.  The  stigmas  are  ripe,  and  project  in  the  centre  of  the 
flower.  The  anthers,  which  open  inwards,  cover  themselves  all 
round  with  pollen.  In  cold,  dull  weather,  the  innermost  anthers 
remain  bent  down  below  the  stigmas  even  after  dehiscence ;  the 
outer  ones  stand  above  the  stigmas,  incurved  towards  them ;  thus, 
in  absence  of  insects,  self-fertilisation  takes  place  readily.  On  the 
other  hand,  in  warm  sunshine,  the  stamens  are  inclined  away  from 
the  stigmas,  and  the  honey-secreting  ring  is  visible  between, 
protected  with  hairs  issuing  from  the  base  of  the  style.  Insects,  in 
dipping  down  to  the  honey,  touch  stamens  and  stigmas  with 
opposite  sides  of  their  heads.  The  small  flowers  are  rendered 
conspicuous  by  aggregation,  and  the  rich  supply  of  honey  attracts 
very  numerous  insects. 

Visitors  :  A.  Hymenoptera — (a)  Apida :  (1)  Apis  mellifica,  L.    9 ,  s.  and 
c.p.,  very  ab.  ;    (2)  Andrena  albicnis,  K.  $  <J  ;  (3)  A.   albicans,  K.    9 »  very 
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all.  ;  (4)  A.  dgrsnla,  K.  J  ^,  ull  lliree  Bucking  and  collecting  pnllcu  ;  (5)  A. 
-  Smithellii,  K.  2 ,  c.p.  ;  (6)  A.  atrictps,  K.  ?  ;  (7)  A.  onnvexiuaculft,  K.  ?  ; 
(8)  HalictUBrubicunduB,  Clir.  2;  (9J  H.  snnulus,  Sta  Si^U  sucking  and 
collecting  ppllen  ;  (10)  Nomadn  niHi-'oniiB,  L.  96i  (")  ^-  "ignata,  Jur,  2» 
■  both  Backing:  (b)  Formic'tda: :  (12)  Formica  conyerena,  N,  (J;  (13)  Lasius 
niger,  L.  IJ  j  (14)  Myrmica  ap.,  1} ,  all  three  a.,  ab,  B.  Diptera — (a)  Empidif : 
(15)  Empia  livida,  L.  ;  (16)  E.  rnatica,  Fallen,  bolh  s.,  ab.  ;  (fc)  Sgrphida:  : 
(17)  HelophUua  floreus,  L.  ;  (18)  EriBtalia  orbuBtorum,  L.  ;  (19)  E,  nemonim, 
L,  ;  (20)  E.  hotticolit,  Mgn.  ;  (31)  Bhingiaroatrata,  L.,  all  live  a.  and  f.p.,ftb.  ; 
(c)  Muecidee:  (22)  EcLinomyia  fera,  L.  ;  (23)  Onesia  floralis,  R.  D.  j  (24) 
Scatoph^a  Btercorario,  L.  ;  (25)  S.  nierdaris,  F.,  the  last  three  ab.,  s.  ;  (S6) 
Bepsia,  afa.  ;  {d)  Conopida;:  (21)  Mynpa  teslacea,  L.  ;  (e)  Sibionidit :  (S8) 
DilophoH  vulgaris,  F.,  ab.,  a., — beaidea  aeventl  undetennined  flies  and  midgee. 
C.  Coleoptera— (o)  Nilidalitlic :  (29)  Bpunea  ;  (30)  Meliaethea,  both  in 
hundreds;  (£)  Deniu»ti<im :  (31)  Bytunis,  in  hundreda;  (32)  Attagenua 
pellio,  scarce  ;  (r)  Elaterida  :  (33)  A|{riotcts  aterrimua,  L.  ;  (34)  Dolopiua 
nuii^inatus,  L.  ;  (35)  Corymbites  holoecriccua,  L. ;  (36)  Liinoniua  cylindricus, 
Pk.  ;  (37)  L.  parvultia,  Pz.  j  (rf)  Lamellieumia :  (38)  Cet*ni«  atirata,  L.  ; 
(39)  Melolontha  vulgaris,  L.,  both  deyonring  all  the  tiasuea  of  the  Hower  ;  (e) 
Malacodermata :  (40)  Malachiua  acneuB,  F.,  l.h.,  and  devouring  the  anthers  ; 
(/)  MordetlidiP  :  (41)  AnnapiH  nifilabria,  Gyllu  ;  {g)  Tmebriimidm:  (42) 
Microzoum  tibiiile,  F.  I — only  once  (  (A)  Oareulioiadn: :  (43)  Apion  sp.  ;  (44) 
Phyllobiua  maoulicomia,  Genu.,  both  a.  ;  (i)  Cerambj/cidir :  (45)  Clytna 
arietia,  L.,  a.  ;   (L)  Chn/tomelidiK :   (46)  Adimcinia  snngtiinea,  F.,  a. 

153.'  Cbatjsous  Oxyacantha,  L. — The  flowers  resemble  tUose 
of  Pyrus  Auciiparia  in  regard  to  their  proterogyny,  tlie  manner  of 
dehiscence  and  the  bending  inwards  -of  their  stamens,  and  hence 
also  in  the  great  likelihood  of  cross-fertilisation.  The  outer  stamens 
begin  to  dehisce  one  or  two  days  after  the  opening  of  the  flower. 
Dung-flies  and  flesh-flies  are  attracted  in  special  abundance  by 
the  odour  of  the  flowers.  In  absence  of  insects,  many  flowers 
fertilise  themselves.  The  young  shoots  sometimes  exude  a  sweet 
sap,  wliich  is  sought  by  insects.  On  May  9,  1868,  on  bushes  tbat 
were  just  beginning  to  flower.  I  saw  Antkftphora  pUipfiS,  F.  tj , 
Bomims  terresi.ris,  L.  9  ,  an  Andrtna,  and  Odyncnis  parietiim,  L.  9 , 
all  feeding  on  this  sap. 

ViaitOTs:  A,  Diptew— (u)  Empiiiw  :  (1)  Taehydroniia  conuesu,  Mgn.,  ab,  j 
(2)  Empia  livida,  L.,  a.,  very  ab. ;  (3)  Micmphorua  velutiniia,  Macq,  (identified  by 
Herr  Winnertx) ;  (b)  Sgrphidtt:  (4)  Pipiza  notata,  Mgn. ;  (5)  Rhingia  roatrato, 
L.,  a.,  very  ab. ;  (6)  EriBtalia  tenax,  L.  ;  (7)  £.  intricariuR,  L.  ;  (8)  E.  nemorom, 
L. ;  (9)  E.  arbuBtomm,  L.  ;  (10)  E.  aepiilcralifl,  L. ;  (11)  E.  pertinax,  Scop., 
— all  the  species  of  Enatalia  a.  and  f.p.  ;  all  except  E.  inlricariua  very  ah. ;  (12) 
Helophilne  ftoreus,  L.  ;  (13)  H.  pendtilus,  L,,  bulli  ab.  (14)  Xylota  aegnia,  I>.  ; 
(c)  ifuKid<r:  (15)  Echinoniyia  fera,  L.  ;  (16)  Sarcophaga  camaritv,  L.,  a.  ; 
(17)  Onesia  floralia,  R.  D.,  a.  ;  (18)  O.  sepiilcralis,  Mgn.,  s,  ;   (19)  Graphomyin 


ouulata,  Svu|). ;  (20)  Medcmbrinu  lucridiikna,  L.  ;  (21)  Cyttoaeiun  ap. ;  (22) 
Alicia  eerrik,  Mgn.  ;  (d)  BibioiiiiUi; :  (23)  Bibio  Miirci,  L.,  s.  ;  (^4)  DUupliUM 
vulgaris  L.,  very  ab.  B.  Coleoptora— (a)  Dermetlidw :  (25)  Attagenus  pellio, 
L.,  Lh. ;  (26)  Antlirenus  acrophularite,  h.,  very  ab. ;  (27)  A.  pimpibella;,  F,, 
etill  more  ab. ;  (SS)  A.  ckviger,  Er.,  scarce,  all  three  Lh.  ;  (A)  Niliiluliiiie  : 
(29)  Ueligethes,  l.h.,  very  ab.  ;  (e)  Bajirettidtt :  (30)  Antkaxia  nitidulo,  L.  ; 
({I)  Malacodennata  :  (31)  Malachina  (elegana,  01.  Ij,  feeding  on  IheanthBTH  ; 
(32)  TelephoruB  teBtoixus,  L.  ;  {e)  (Edf.iaeridis  :  (33)  Asclura  cceruieo,  L.  ; 
(/)  MordtUidm ;  (34)  Anaepie  fiunl^s,  L.,  l.h.  ;  (35)  Mordella  abdomiualiH, 
F.,  l.h. ;  (j)  (krambycidie  •■  (36)  Clytua  mysticuB,  L.,  Lh. ;  (37)  GrammoptorH 
ruBeomia,  F.,  ab.,  Lh.  ;  (A)  Ckryiomelida :  (38)  Clythra  cyanea,  F.,  gnawing 
the  pettJB.  C,  Hj-menoptufti— .AjiWre :  (39)  Aiidreua  Schruukella,  Nyl.  (J ,  s.  ; 
(40)  A.  helvola,  L.  5,8.;  (41)  A.  fulvicrus,  K.  ?  J ,  b.  ;  (42)  A.  nitida,  K. 
?  (J  J  very  freii.,  a.  and  c.p. ;  (43)  A.  varinna,  Riisai,  'i  ;  (44)  A,  Triiiimerena, 
K.  S  ij  ;  (45)  A.  iitriceps,  K.  ?  ^  ;  (46)  A.  Owynana,  K.  ?  ;  (47)  A.  fulva,  K.  ?  ; 
(48)  A.  albicaiia,  K.  ?  (J,  very  ab. ;  (49)  A.  dorsala,  K.  ?  i  (SO)  A-  <'liryBo- 
seeles,  K.  ?  ;  (51)  A.  pnrvula,  F.  ?  ;  (52)  A.  connectena,  K.  ? ,  tlie  Inat  ten 
both  s.  and  cp.  ;  (63)  Halicliti  cyliiidricnB,  K.  ? ,  s. ;  (54)  Nomada  rufieornig, 
L.  2  ij.  8-  :  1^5)  N.  Bignatn,  Jur.  ?  ;  (5H)  Enrera  longicorais,  L.  $,  b.  ;  (57) 
Apis  mellificn,  L.  ij ,  b.  and  cp.,  nb. 

154.  CoTONEASTER  VULGARIS,  Lindl. — This  plant  in  the  Alps 
often  growB  on  the  same  rocks  to  which  a  wasp  (TbiisifS  galliea) 
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han  attached  its  stalked,  open  nest.  The  hemispherical  calyx  of 
tlie  flower  is  filled  with  honey,  which  the  petals  arch  over  and  pro- 
tect, excluding  a  great  many  insects.  I  have  found  the  flowers 
visited  solely  by  the  above-mentioned  wasp,  whose  head  just  iits 
into  the  flower.  Cross-ferlilisation  is  insured  hy  proterogyny ;  in 
absence  of  insects,  self-fertilisation  occurs  (609). 
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Ameiuiixkier  vulgaris,  Mceuch.  {Aronia  rotundt/olia,  Pers.). — 
This  plant  is  im perfectly  proteraiidrous.  Of  the  three  whorls  of 
Btamens,  the  outermost  dehisce,  while  the  others  are  still  bent  in- 
wards and  shelter  the  iinmature  stigmaa.  The  inner  anthers  and 
the  stigmas  are  ripe  together  (609). 


REVIEW   OF  THE  ROSAfK-i;, 

In  all  honey -yielding  Rosaces  the  honey  is  secreted  and 
carried  by  an  annular  region  (disk)  of  the  inner  wall  of  the  re- 
ceptacular  t\ihe,  sometimes  closely  surrounding  the  pistil,  some- 
times shifted  farther  outwards :  this  ridge  shows  all  transitions 
between  abundant  and  evident  drops  of  honey,  a  thin  sweet 
layer  invisible  to  us  but  eagerly  licked  by  insects,  and,  lastly, 
absolute  barrenness. 

The  abundance  of  insect-visits  depends  here,  as  elsewhere,  on 
the  conspicuousness  of  the  flowers  and  the  amount  of  spoil  they 
furnish ;  and,  similarly,  the  variety  of  insects  which  frequent  the 
flowers  dopends  on  the  accessibility  of  the  spoil.  For  instance, 
the  small,  yellow,  houeyless  (lowers  of  Agrimonia  Eupaloria  are 
sparingly  visited  by  a  few  pollen-feeding  Syrjihidm  and  pollen- 
collecting  bees ;  while  the  equally  honeylesa  roses  attract  a  very 
numerous  company  of  msects,  which  come  for  the  sake  of  the 
pollen  and  the  delicate  tissues  of  the  flower.  The  effects  of 
conspicuousness  are  well  ilhistrated  by  the  Raspberry  and  the 
Blackberry.  The  effect  of  diminished  accessibility  of  the  honey 
in  restricting  the  variety  i>f  insect-visitors  is  shown  in  the  case 
of  Genm  rivale;  the  flowers  of  which  remain  half-closed,  and, 
though  yielding  abundant  honey,  ure  only  visited  by  specially 
long-tongued  bees  and  flies  {Bomhns  and  Shin.jia) :  the  Baap- 
berry  and  Blackberry  may  be  contrasted  to  illustrate  this  point- 
also. 

In  Kosace^  whose  honey  lies  concealed  and  which  are  fertilised 
by  a  motley  crowd  of  short-lipped  insects,  the  flowers  are  for  the 
most  part  greenish-yellow,  yellow,  or  white  in  colour ;  in  Comarum 
palusire,  Poteniillu  utTosanffii  hiea,  and  Saiif/wisoi-ha  o^diialii  they  ax9 
dork-red  or  purple,  probably  owing  to  the  influence  of 


In  Rosacea  whose  honey  lies  more  deeply  placed,  which  are 

mainly  fertilised  by  long-tongued  bees,  we  find  in  pnrt  red  colours 
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(Amygdalus  Persica,  Cydonia  japonica).  In  this  relation  the 
genus  Oeum  is  interesting ;  for  that  species  which  is  fertilised  by 
bees  {G.  rivale)  exhibits  a  red  colour  in  which  the  influence  of  the 
primitive  yellow  is  still  evident. 

Rosaceae  visited  for  the  sake  of  their  pollen  have  white  flowers 
when  their  chief  visitors  are  small,  short-lipped  insects  {Spircea 
Ulmaria,  S.  AmiTunis) ;  but  show  a  tendency  to  red  when  frequented 
mainly  by  bees  or  Syrphidce  {Rosa),  In  the  whole  order  of  RosaceaB 
no  species  seems  to  have  acquired  a  violet  or  blue  flower,  nor  to  have 
become  adapted  exclusively  for  fertilisation  by  Lepidoptera. 


Ord.  SAXIFRAGACEjE, 

Tribe  Saxi/ragecB. 

Dr.  A.  Engler^  has  investigated  thirty-eight  species  of  SaaAfraya 
and  found  them  to  be  all  proterandrous  with  movement  of  the 
stamens  singly  in  succession  towards  the  middle  of  the  flower. 
On  the  other  hand,  he  found  Bergenia  {Saxifraga  crassifolia,  L.), 
Mitelfa,  L.,  Hcuchera,  L.,  and  DTummondia,  DC.  (=  Mitella  peiit- 
andra,  Hook.)  to  be  proterogynous  without  movement  of  the 
stamens  (221).  On  species  of  Saxifraga  flowering  in  the  open  air 
he  observed  beetles  {Ualiicay  small  Staphylinea:),  flies,  and  especially 
bees.  He  doubts  Sprengel^s  interpretation  of  the  so-called  honey- 
guides  (Saftmal),  for  though  present  in  some  Saxifrages  they 
are  absent  in  others.  In  plants  whose  honey  varies  between 
fully  exposed  and  hidden  situations,  such  a  fluctuation  of  the 
guiding  marks  is  very  natural,  and  rather  strengthens  Sprengel's 
theory. 

In  my  Alpenhlumen  I  have  tried  to  prove  that  those  species  of 
Saxifraga  which  have  dotted  petals  show  all  transitions  from  mere 
adornment  by  which  insects  are  attracted  to  ornamentation  which 
serves  also  as  a  '*  pathfinder.** 

The  proterandrous  flowers  of  S,  aXzoidcs,  L.,  and  S.  cppositifolia, 
L.,  are  figured  by  Axell  (17). 

Saxifraga  sa^rmcnfosa,  L.  fil.,  has  asymmetrical  flowers  (Todd, 
722). 

'  Of  the  numerous  Alpine  speriies  of  Saxifraga,  I  have  examined 
and  figured  thirteen.  All  show,  more  or  less  distinctly,  tlie 
peculiarity  that  the  anthers  ripen  one  after  another ;  at  the  same 

*   *•  Monographic  der  Gattung  Saxifraga,'*  p.  26.     Breslau,  1872. 
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time  they  beuil  in  towards  the  centre  of  tbe  flower,  but  after 
dehiscing  they  again  move  outwards.  This  peculiarity  was  known 
to  Treviranus,  but  was  explained  by  him  as  aiding  self-fertiltsation 
(742).  On  the  contrary  it  aids  cross-fertilisation,  by  causing  the 
insect-visitors  to  come  in  contact  with  the  pollen-dusttsl  antbers. 

In  most  of  the  species  of  Saxifi-agu  which  I  have  investigated 
(iS.  rotundifolia,  L.,  S.  stellaris,  L,,  S.  a^tra,  DC.,  S.  bryoida, 
h.  =  S.  a»pera,  var.  ff,  S.  aixoidea,  L.,  S.  Aizoon,  Jacq.,  S.  ectna,  L., 


A.— Flower.  In  flnt  (f«iDile)  stuc,  kcd  obliqnelr  from  nbovs.   The  Mljpnu  toe  ni*luR. 
paUli,  utd  Kiwlt  ue  >ti|]  On  tsom  Ibeit  full  >l». 

tbc  lintben  ■»  lU  (till  cloKd.    (a'  dghlMwd  while  tin  dnwing  won  Mug  DudF.) 

"     " -  "-  •— '-inlng  of  tt«  •Bcond  tail  of  Uifl  Mrond  Imiile)  tUge    The  B 

of  Sw  Dtb  Innn.  ■■  Iiu  dcblMt.!,  md  n'  is  in  the  .ct  «f  A 


It  the  b«giDnlnE 
»dy  emptj     " 


S.  exarata,  Vill.,  S.  stcTwpetala,  Gaud.),  the  stigma  only  ripens  after 
the  anthers  have  withered.  Engler  thought  that  this  was  the  case 
in  all  the  species,  but  S.  opposiii/olia,  L.,  and  also  S.  tridactylites, 
L.,  a  lowland  species,  are  only  feebly  proterandrous  in  certain 
localities,  and  in  others  are  feebly  proterogyLous ;  and  three  species, 
8.  avdroaacfa,  L.,  S.  miiscffides,  Wulf.,  and  S.  SejuieH,  Spr.,  I  have 
found  to  be  everywhere  distinctly  proterogynous,  only  the  first  of  the 
three  being  able  in  case  of  need  to  fertilise  itself. 

As   in  dicecious  entomophilous  plants   the   male   flowers   are 
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usually  larger  and  more  conspicuous  than  the  female,  so  in  the 
three  distinctly  proterogynous  species  of  Saxifraga,  the  flowers 
while  in  their  male  stage  are  more  than  twice  as  large  as  they  were 
at  first  while  in  their  female  stage.  As  Sprengel  supposed,  it  is 
probable  that  many  insects  are  thus  induced  to  visit  the  male 
flowers  first,  and  then,  having  dusted  themselves  with  pollen,  t6 
proceed  to  the  female  flowers  and  fertilise  them.  The  annexed 
figure  may  serve  to  show  this  distinction  between  the  flowers  in 
their  male  and  female  stages. 

The  honey  is  quite  visible  in  the  above-named  species  of 
Saxifraga,  except  S,  appositifolia.  Very  various  shoi-t-lipped 
insects,  but  especially  flies,  serve  therefore  as  fertilising  agents. 
To  the  selective  influence  of  flies,  therefore,  the  development  of 
the  ordinary  colours — white,  dull-yellow,  white  with  yellow  or  purple 
spots — must  be  mainly  ascribed.  In  particular,  the  prettily  dotted 
petals  of  S.  rotuTidifolia  and  S,  umhrom,  L.,  seem  to  be  due  to  the 
influence  of  certain  elegant  and  prettily  coloured  Syrphidm  by  which 
they  are  especially  visited  and  cross-fertilised  {8.  rotuiidifolia  by 
SpJiegina  clunipes  and  Pekcccera  sccevoides;  S.  umlrosa  by  Ascia 
podagrica). 

Saxi/raga  aizoideSy  L.,  with  its  large  golden  .flowers  dotted  with 
orange,  is  the  most  conspicuous  form,  and  attracts  most  insect-visitors. 
I  have  found  it  to  be  visited  by  1 26  species  of  insects  (Coleoptera, 
8  ;  Diptera,  85 ;  Hymenoptera,  20  ;  Lepidoptera,  13).    (609.) 

The  honey  is  most  deeply  placed  in  S.  opposUifolia ;  the  flowers 
of  this  species  are  diligently  and  persistently  visited  by  butter- 
flies and  are  arrayed  in  carmine  or  purple,  the  favourite  colour 
of  most  of  these  insects.^ 

155.  Chrysosplenium  alternifolium,  L. — The  flowers  have 
a  great  superficial  likeness  to  the  apical  flowers  of  Adoxa,  and 
are  visited  by  a  very  similar  set  of  tiny  insects. 

From  the  middle  of  the  flower  the  two  styles  stretch,  diverging 
and  bending  outwards  sHghtly,  capped  at  the  apex  by  the  smooth, 
capitate  stigmas,  and  surrounded  at  the  base  by  a  broad,  fleshy, 
yellowish  disk,  secreting  numerous  minute  drops  of  honey.  At 
the  edge  of  this  disk  the  calyx,  which  coalesces  below  with  the 
ovary,  expands  horizontally  into  four  broad  rounded  sepals,  bright 
yellow,  and  slightly  recurved.  There  is  no  trace  of  petals.  Be- 
tween each  pair  of  sepals,  and  also  facing  each  one,  there  stands  on 
the  edge  of  the  disk  a  stamen,  erect,  and  reaching  as  high  i\s  the 

'  609,  Figs.  26-38  ;  in  oonnection  with  S,  umbrosa,  see  604. 
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styles.  First  tie  four  outer  ones,  which  staucl  opposite  the  sepals, 
ripen  one  after  the  otlier,  and  then  the  utbi-r  four.  Ail  the  stamens 
dehisce  on  both  sides, and  flap  open  so  widely  that  tliey  are  covered 
almost  all  round  and  also  above  »ith  pollen.  Tlie  stigmas  u-u 
susceptible  of  fertili .■nation  during  tlie  whole  time  of  flowering.  A 
number  of  such  dowei^,  from  five  to  upwards  of  a  dozen,  are  closely 
packed  in  an  almost  level  cyme,  and,  together  with  the  broad  green 
bracts  that  lie  nearly  in  the  same  plane,  form  a  conspicuous  expanse 
with  a  golden -yellow  centre. 

Numerous  minute  insects  of  dilferent  onlers  arc  attracted. 
Most  of  them  touch  a  stigma  with  one  part  of  their  body,  and  with 
another  one  or  more  of  tlie  anthers;  and  so  cross-fertilisation  is 
promoted,  But  self-feitilisation  is  not  un&equenlly  induced  by  the 
tiny  guests  that  creep  irregularly  about  the  fiower.  In  default  of 
insect- visita,  sell-feitilisation  can  only  take  place  in  a  perpendicu- 
lar or  nearly  perpendicular  position  of  the  flowers ;  fur  only  then 
can  pollen  fall  upi>n  the  stigmas.  On  April  13,  1872,  I  collected 
forty-six  insects  upon  flowers  growing  in  the  shade. 

A.  Dipl«m— (a)  .Wmcu/o-;  (1)  Five  speuiiiiona  of  Scioinym  dnervlln, 
Fallen  ;  (b)  Simu/irffi.-  (2)  Simulia  ap.,  liiree  speciniena  ;  (r)  Oechimayidti: : 
(3)  Six  epefimenB  ;  (i/).  Mgcrtophilida  ;  (4)  Kve  specimens  ;  (*)  Chironomidir  : 
(fi)  Thre«  upeciinenB,  besides  niinuiti  epecicn.  B.  Hyinenoptera — (a)  Fornu- 
adn :  (6)  I«siiia  nign',  L.  ^ ,  eight  epedniens ;  (T)  MyrmiM  ruj{ini^ii>, 
N-  9  (t)i  two  HpecimeiiB;  (8J  M.  Isvinodis,  N.  (Ji  tUree  apecimeiu ;  (fc) 
Cijnipidie  :  (9)  EucoUa,  Westw.  (CothouMpis,  HnrL),  one  specimen.  C.  Colu- 
optera— (a)  Phalacruia: .-  (10)  Olibrus  »neui,  F.  one  specimen  ;  (ft)  Lalhridii : 
(11)  Corticaria  gibbtwa,  Hbst.,  two  qwcimena  ;  (r)  Currolionidii- :  (12)  Apinn 
varipes,  Ocrm.,  four  specimens  ;  (13)  A  oDnpordi,  K.,  three  spccuucna  ;  nil  the 
visitoi*  were  licking  lioney. 

Also,  I  found  small  snails  (young  Sncnnca)  npm  many  flowers, 
either  creeping  about,  or  devouring  tlie  stigmas  or  anthers.  In  the 
slinjy  matter  left  upon  the  flowers,  pollen-grains  could  as  a  rule  bu 
recognised  :  in  several  raises  I  could  distinctly  see  that  pollen  was 
placed  upon  a  stigma  by  help  of  the  snails. 

Now  if,  under  some  changed  conditions,  insect-visits  altogether 
failed,  it  would  obviously  be  of  advantage  to  the  plant  to  have 
cross- fertilisation  promoted  by  the  snails,  at  least  on  the  supposition 
that  by  new  modifications  the  ravages  of  the  snails  should  be 
obviated.  Tliis  example  may  explain  the  origin  of  such  a  floral 
arrangement  as  Delpino  obsei-ved  in  Atorasur  odora  and  Rhodai  I 
^^^^  japoniea.     And  so  the  doubt  which  I  formerly  published  concerning    I 

^^^^^        the  truth  of  Delptno's  theory  i^  now  removed.  i 
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nium  opposUifolium,  L.,  ia  proterogyiioua  with  per- 
sistent stigmas  (78). 

156.  Bergenia  (Saxifraoa)  crassifolia,  L. — I  saw  (April  4, 
1868)  hive-bees  and  Bombus  kortorum,  L.  2,  greedily  sucking 
honey  on  tliis  plant,  ami  found  pollen  on  the  stigmas  of  several 
flowers  whose  anthers  were  not  yet  open. 

157.  Parnassia  palustris,  L. — Sprengel  described  very  fully 
the  atructtire  of  this  plant,  but  remained  in  doubt  not  only  as  to 


its  fertilisers,  but  even  whether  it  was  diurnal  or  nocturnal. 
Hildebrand  has  observed  Helophilvsfiorcxis,  L.,  upon  its  flowers. 

The  anthers  before  maturity  lie  close  upon  the  conical  ovary, 
which  rises  up  in  the  middle  of  the  flower  and  overtops  them ; 
they  ripen  slowly  one  after  the  other,  each  in  turn  elongating  till 
it  brings  its  anther  immediately  over  the  end  of  the  pistil,  and 
then  dehiscing  on  the  upper  surface.  It  afterwards  bends  outwards 
and  is  succeeded  by  another,  and  finally,  when  all  the  anthers  have 
dehisced  and  moved  away,  the  stigma  becomes  developed. 

The  curious  nectaries  stand  immediately  opposite  to  the  petals, 
alternating  with  the  stamens.  Each  consists  of  a  short,  broad 
peduncle,  broadening  above   into    a  fleshy  disk,  which    secretes 
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hooey  in  two  sballow  depregsions  on  its  iiuifr  side,  leaving  it 
fully  exposed.  Above  it  givesoff  seven  to  eightuen  yellow,  Knobbed, 
glandular  bodies,  which  surround  the  upper  portion  of  the  ovary 
and  are  probably  of  service  in  making  the  nectaries  more  obvious 
to  fliea  which  alight  in  the  middle  of  tlie  flower. 

These  yellow  knobs  placed  at  the  enda  of  the  hairs  look  so 
exceedingly  like  drops  of  fluid  that  it  needs  special  examination 
to  convince  one  that  they  are  perfectly  dry.  An  observation  of 
my  son  Hermann's  proves  that  even  flies  are  deceived  by  this 
appearance ;  he  observed  from  a  very  short  distance  a  specimen 
of  Eristalis  nemorum  trying  to  lick  these  bodies  for  a  long  time, 
until  at  lost  it  flew  away  on  his  coming  closer. 

We  have  thus  in  Paj-naasm  pabistris  a  very  well-marked 
example  of  a  de-ef}>tive  Jloipcr,  which  deludes  the  fiwlish  flies  by 
displaying  a  multitude  of  conspicuous  but  sham  drops  of  boney ; 
and  which,  after  thus  alluring  them,  afftjrds  them  indeed  some 
easily  accessible  honey,  which  repays  their  trouble  but  is  quite 
incommensurate  with  the  apparently  bountiful  display.  Tlia 
smaller  flies  generally  travel  round  the  flower,  to  reach  all  the 
nectaries  ;  the  larger  ones  rest  in  the  middle  of  the  flower  for  this 
purpose,  and  so  dust  their  under  sidles  with  pollen  in  younger 
flowers  and  accomplish  cross-fertilisation  on  passing  to  older  ones. 

ViHitorBi  A.  Diptera— (a)  Sifrpliulie :  (1)  EriBlalis  nemorum,  L.,  k.  ab.  ; 
(2)  E.  arbnstorum,  L.,  b.  ab,  ;  (3)  Helophilus  Horeus,  L.,  a  ab. ;  (4)  Sjrphus 
ribL«ii,  L.,  &  ab. ;  (9)  S.  balteatns,  I>eg.,  very  ab.,  fi.,[  Bometiined  f.p. :  (6)  S, 
pyrastri,  L.  ab.  b.  ;  (7)  S.  exciaua,  Zett,  a.  ;  (8)  MelanoBtoma  mellina,  L.,  s.  ; 
(9)  Mulitlireplii»  Bcriptua,  L.,  s.  ;  (10)  M.  nientbaalri,  L.,  n.  ;  (11)  M.  tieniatiis, 
Mgn.,  8.;  (12)  Syritta  pipieus,  L.,  ab,  a.;  (6)  MutcuJa :  (13)  Saicophaga 
caraana,  L.,  b.  ;  (14)  Pollunia  vespillo,  F.,  b.  ;  (c)  Tipulidtr :  (16)  Tipula 
oleracea,  L.  B.  Byineooplera — (a)  Tenlhrtdmida ;  (IB)  Tcnthrcdo  ap.,  a  ; 
(t)  Ichneumonula :  (17)  Many  small  apecies,  8.  ;  (e)  Sphtgidie:  (18)  Porapflus 
vialicUB,  L.  ;  (19)  Oorytije  campcstris,  L.  C.  Coleoptera— (20)  Coccinella 
7-pQnctata,  L.  ;  (21)  C.  14-punelata,  L.,  botL  very  ab.,  l.b.  A  11(4  of  Alpiiia 
viaitoFB  (including  43  Diptem)  is  given  in  Nn.  609. 

Tribe  l/t/drangea. 
Pkiludelphns  coronarivs,  L.,  is  proterogynous.  When  the  flower 
opens  the  stigmas  are  already  ripe,  but  the  stamensstill  immature. 
Jn  weather  favourable  for  insect-visits,  it  is  easy  to  find  flowers 
whoso  anthers  are  still  closed  but  whose  stigmas  are  sprinkled 
with  pollen.  The  numerous  anthers  stand,  both  before  and  afler 
dehiscence,  close  round  the  stigma,  some  on  a  level  with  it,  some 
higher,  some  lower ;  the  outermost  dehisce  first,  the  innermost 
last;  all  cover  themselves  all  round  with  pollen.    Honey  is  secreted 
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by  a  white,  fleshy  disk  on  the  upper  surface  of  the  ovary.  Insect- 
visitord;  collecting  or  feeding  on  pollen  or  thrusting  their  heads 
down  between  the  stamens  towards  the  honey,  can  thus  lead  to 
cross-fertilisation  only  in  young  flowers,  but  in  old  ones  cross- 
fertilisation  and  self-fertilisation  are  alike  possible.  In  absence  of 
insects,  self-fertilisation  may  easily  take  place,  for  the  stigmas 
stand  partly  in  the  line  of  fall  of  the  pollen.  But  the  honey,  only 
hidden  by  the  stamens,  is  accessible  to  so  many  insects,  and  the 
white  colour  and  strong  scent  are  such  powerful  attractions,  that  in 
fine  weather  insect-visits  can  seldom  fail. 

Tribe  Rtbesieas, 

158.  RiBES  ALPINUM,  L. — This  species  presents  its  honey  in  a 
shallower  depression  than  any  of  our  other  species  of  Ribes,  so 


a    «// 


Fio.  61.—Bibe$  alpinum,  L. 

1.— Female  flower,  from  above. 

2. — Ditto,  in  section. 

3. — Male  flower,  in  section. 

a\  rudimentary  anthers  ;  «f ,  nidiinentary  stigma ;  n,  nectary. 


that  it  is  easily  accessible  to  very  various  insects,  and  is  con- 
sequently visited  by  the  most  manifold  forms.  Although  I  only 
had  an  opportunity  of  watching  a  few  plants  in  a  hedge,  I  saw 
upon  their  flowers  the  following : 

A.  Hymenoptera — Apida :  (1)  Andrena  albicans,  K.  ?  (J,  s.  and  f.p.,  very 
ab. ;  (2)  A.  Gwynana,  K.  (J,8. ;  (3)  A.  nana,  K.  (J,  h.  ;  (4)  Halictus  nitidu8, 
Schenck,  ? ,  s.  ;  (5)  H.  nitidiusculus,  K.  J ,  c.p. ;  (6)  Sphecodes  gibbus,  L. 
9,8.  B.  Diptera — (a)  Muscidce :  (7)  Scatophaga  stercoraria,  L. ;  (8)  S. 
inerdaria,  F.  ;  (6)  Syrphidce  :  (9)  Syritta  pipiens,  L.,  all  three  ab.,  s. 

Upon  this  abundance  of  insect-visits,  which  insures  cross- 
fertilisation,  depends  the  dioecism,  evolved  from  a  previous 
hermaphroditism  and  still  showing  traces  thereof,  which  would 
of  necessity  be  fatal  in  default  of  insect-visits.  The  male  flowers 
are  of  scarcely  larger  size,  but  their  greenish-yellow  colour  is 
more  conspicuous  than  the  green  female  flowers.  The  calyx 
almost  alone  plays  the  part  of  signal  to  the  insects. 
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(  NIGRUM,  L, — The  stigrna  ami  autbers  are  botli 
alike  ripe  at  the  opening  of  the  flowers.  The  anthers  open  on  the 
inner  side,  and  are  brought  so  close  to  the  stigma  by  the  conver- 
gence of  the  petals  that  an  insect's  head,  when  pushed  into  the 
flower,  must  touch  with  one  side  the  pollen-dusted  face  of  one  or 
two  anthers,  and  with  the  other,  at  the  same  time 
or  a  little  before,  the  slightly  protruiling  stigma. 
Since  the  bell-shaped  calyx,  whose  floor  secretes 
honey,  i^  5  mm.  deep,  and  the  red  tips  of  the 
sepals  and  the  small  white  petals  make  the  pendu- 
lous flowers  only  slightly  conspicuous,  insecl^visits 
are  not  plentiful  I  have  only  seen  tlie  honey- 
Fiu  si-ffi(«.ai|7r».i,  bcc  sucklug  at  this  species.  It  put  its  head  only 
uieni  Yie^ff  of  Bower  '^"'^  '^*^^  each  flower,  and  touched  the  stigma  now 
on  the  upper  side,  now  on  the  lower,  sweeping 
away  pollen  each  time  on  tLe  opposite  side  and  so  regularly  ac- 
complishing cross-fertilisation.  As  compensation  for  the  paucity  of 
insect-visits,  self-fertilisation  takes  place  regularly  in  unvisited 
flowers,  pollen  falling  of  itself  out  of  the  antlierK  upon  the  recurved 
margin  of  the  stigma. 

100.  KiBBS  RUBHU-M,  L.,  is  likewise  homogamic,  but  has  much 
flatter,  more   widely   open,   and   more  conspicuous  flowers   than 

H.  nigrum,  and  more  easily  accessible  honey.  So  it  is  more 
abundantly  visited  by  insects,  and  is  cross-fertilised  after  the  same 
manner  as  R.  nigrma  but  is  self-fertilised  less  easily ;  the  flowers 
are  turned  sideways,  and  self-fertilisation  only  takes  place  when 
pollen  falls  upon  the  stigma  from  the  anthers  above  it.  I  have 
seen  the  following  insects  upon  tlie  flowers  : — 

Hjmenoptera— (a)  Ainda  :  Aaidrena  fulva,  Btlirfltik,  J ,  c.  and  c.p.,  freq. ; 
(2)  A.  Stnitliella,  K.  ^,  o.  ;  (3)  A.  nana,  K.  5,  s.  ;  (4)  Api»  mdlifi.-a,  L., 
5 ,  B.  and  c.p.,  ab.  ;  (ft)   Tmthrediiiiif/e :   (6)  NemiitUB  hortpneia,  Htg.,  b. 

IGl.  BiBEa  Grussularla,  L. — The  anthers  dehisce  when 
the  flower  opens:  the  styles  have  not  as  yet  attained  their  full 
length,  nor  have  the  stigmas  developed  their  papillte.  Since  the 
llowers  mostly  hang  down  perpendicularly  and  the  stamens  stand 
around,  and  on  a  level  with,  tbe  stigmas,  self-fertilisation  can  as  a 
rule  not  take  place,  even  in  default  of  in  sect- visits.  This,  like  the 
proterandry,  points  to  more  numerous  iusect-visits  than  the  former 
species  receives  ;  and  these  really  take  place,  induced  by  the  large 
recurved  sepals,  the  large,  pei-pendicular,  downward-pointing  petals, 
and  the  easily  accessible  honey. 
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Visitors  :  A,  Hymenoptera — Apida :  (1)  Bombus  terrestris,  L.  ? ,  freq.  ; 
(2)  B.  pratorum,  L.  ?  (in  Stromberg),  very  ab. ;  (3)  B.  Scrim»liiraiiU8,  K.  ?  4 
(4)  Apis  mellifica,  L.  §  >  very  ab.  ;  (5)  Andrena  nitida,  K.  (J ,  all  sucking  ; 
(6)  A.  albicans,  K.  <J  ?  ;  (7)  A.  Gwynana,  K.  ^J  ?  ;  (8)  A.  fulvt^  Schrank, 
9 ,  the  last  three  both  s.  and  f.p. ;  (9)  Halictus  rubicundus,  Chr.  9,8.  B. 
Diptera — (a)  Muscidce :  (10)  Scatophaga  stercoiaria,  L.,  s.  ;  (11)  Calliphora 
erythrocephala,  Mgii.,  s.  ;  {b)  Syrphidas :  (12)  Eristalis  ceneus,  L.,  s.  and  f.p.  ; 
(13)  Syritta  pipiens,  L.,  do.  The  insect- visitors  cause  cross-fertilisation  in  the 
name  way  as  in  R.  nigrum.     See  also  No.  590,  i. 

Ribes  Siinfjuineuiti,  Pursh. — The  calyx-tube  is  3  mm.  deep  ;  the 
erect  petals  form  a  tube  more  than  5  mm.  deep.  As  a  rule,  there- 
fore, the  honey  is  obtained  and  the  flowers  fertilised  by  bees  only, 
especially  the  hive-bee. 

Ribes  ai^rcifc//i,  Pursh. — The  calyx-tube  is  10  to  11  mm.  deep, 
and  the  erect  petals  add  3  mm.  more  to  its  depth.  The  honey  is 
only  accessible  to  very  long-tongued  bees,  and  the  flowers  have  been 
found  by  Delpino  in  Italy  and  by  me  in  Lippstadt  to  be  visited 
only  by  AiUhophora  jnlipes,  ? ,  whose  proboscis  is  the  longest  among 
our  native  bees  (20  mm.).  In  the  two  last  species  the  flowers 
I)ersist  a  long  time  after  the  reproductive  organs  are  withered,  and 
even  become  more  conspicuous,  since  the  petals  in  R.  sanguineum 
change  from  white  to  pink,  and  those  of  R,  aurenm  from  bright 
yellow  to  carmine.  By  this  peculiarity,  not  only  is  the  power  of 
attracting  insects  increased,  but  the  more  intelligent  fertilising 
agents  are  told  at  the  first  glance  which  flowers  contain  no  more 
treasure  for  them,  the  result  being  that  they  visit  and  fertilise  more 
flowers  in  the  same  time  (590, 1.).  The  same  kind  of  colour-change 
occurs  in  several  species  of  Fuchsia  and  Lantana,  in  Dier villa 
( Weigelia)  rosea,  Mclampyntm  pratense,  L.,  Fuma^na  capreolata,  var. 
pallidijlora,  Jord.,  and  others  (S75). 

Ribes  petra^um,  Wulf,  is,  according  to  Ricca,  slightly  pro- 
terogynous  (665) ;  according  to  my  own  observations  it  is 
homogamic  (609). 


OitD.  CRASSULACE^E. 

Briffqihyllum  calycinuiv,  Salisb.,  is  proterandrous,  and  h«'is  hang- 
ing, tubular  flowers,  rich  in  honey.  Delpino  supposes  humming-birds 
to  be  the  fertilisers,  despite  the  pale  greenish  colour  (177). 

162.  Sedum  acre,  L. — Although  the  plant  is  small,  it  is 
rendered  conspicuous  on    the   bare   spots   where  it  grows  by  its 
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the  closely  packed  flowen,  to  suck  honey  or  gather  pollen,  come  at 
once  in  contact  with  the  stamens  or  stigmas  of  many  flowers,  aod, 
as  a  rule  accomplish  ciuss- fertilisation  by  help  of  Ibe  proterandroos 
condition  :  old  flowers  alone,  which  retain  some  pollen  upon  their 
stamens  when  the  stigmas  are  lipe,  are  liahle  to  self- fertilisation. 

In  spite  of  the  smaller  flowers  and  more  hidden  honey,  this 
species  can  dispense  with  the  possibility  of  self-fertilisation,  ^nce  ' 
the  close  association  of  many  Sowers  insures  insect-visits  and  con- 
sequent distribution  of  poUen  more  completely  than  is  the  case 
in  Setlum  acre.  Although  I  only  once  watched  the  flowers  of 
Scdum  Tdtphium  (August  16,  1869)  in  sonny  weather  I  saw  the 
following  insects  vbit  it : — 

A.  Hjfmennpter*— (a)  Apida  :  (1)  Bombua  (Apathus)  cAmpestris,  Pz.  ^  ; 
(2)  B.  eilvoniin,  L.  ?  ?.  i™!- !  (3)  B,  ■gronim,  P.  <J,  these  three  euctiog  ; 
(4)  B.  lapidarius,  L.  ^  i  <^-P'  :  (^)  Halictoa  zoouliu,  8m.  ? ,  e.  ;  (b)  Tt*An- 
dinida:  (6)  Allantiw  notha,  KJ.  (TekL  B.1.  B.  Diplera— Mioridla ;  f7) 
Erhinoinjia  in^:nicomiN  ZetL,  ^ 

Sedum  atratum,  L.,  is,  according  tit  Ricca,  ]>roterogTnous  witli 
short-lived  stigmas  (665).  I  have  found  it,  however,  on  the 
Alps  to  be  likewise  proterogynous,  but  liable  to  regular  and  even 
early  spontaneous  self-fertilisation,  which  is  probably  indispensable, 
its  the  plant  is  but  little  visited  by  insects  (609). 

Srditm  reiKns,  Schleich. — This  species  also  is  proterogynous  on 
the  Alps,  and  in  the  absence  of  insects  it  likewise  fertilises  itself; 
hut  its  flowers  are  rather  conspicuous  and  more  visited  by  insects, 
HO  that  the  need  for  self- fertilisation  is  less  urgent  than  in  the 
case  of  if,  atrnt'iim  (609). 


THE   COLOUR    AND   SIZE   OK   THE    FLOWEH   IN   CRASSULACEX 

The  colour  of  the  flower  in  Crassulacefe  depends  closely  upon 
the  adaptation  of  the  flower  to  a  narrow  or  wide  circle  of  visitors. 
In  the  species  of  Sedum,  whose  hooey  is  still  quite  visible  and 
accessible  to  the  most  short-lipped  insects,  the  flowers  are  greenish- 
yellow,  yellow,  or  white ;  in  Sempervivum.  Funkii,  Braun.,  S. 
montanuvi,  L.,  S.  araehnoideutn,  L.,  and  S.  tectortitn,  L.,  whose 
honey  lies  hidden,  and  which  I  have  seen  visited  on  the  Alps  by  a 
miscellaneous  company  of  bees,  Lepidoptera,  and  long-tongued  flies, 
the  flowers  are  purple;  in  Se-mpeirivnm  Wulfenii,  Hopp.,  whose 
honey  is  still  more  concealed,  the  flowers,  which  are  chiefly  visited 
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by  humble-bees,  axe  sulphur-yellow,  and  only  remain  purple  at  the 
base.  I  say  only  remain  purple  at  the  base,  because  this  colouring 
is  now  useless,  and  seems  only  explicable  as  a  remnant  inherited 
from  purple-flowered  ancestors.  The  sulphur-yellow  colour  of 
Sern/pervivum  Wulfenii  seems  not  to  stand  on  the  same  rank  as  the 
yellow  colour  of  some  Sedums ;  but  rather  to  have  been  developed 
from  a  purple  colour  by  the  selective  influence  of  humble-bees. 
In  connection  with  the  size  of  the  flower,  we  see  in  many 
CrassulaceaB  the  number  of  the  parts  increased  or  decreased : 
increased  in  Sedum  from  5  to  7,  in  Sempervivtim  aracknoideum 
to  9 — 11,  in  S.  montanum  to  9 — 12,  in  S.  Fiinkii  to  10 — 13,  in  S. 
tectorum  to  11 — 13,  in  S.  Wulfenii  to  13 — 16;  decreased  in 
Bulliarda,  DC,  to  4,  in  Tillcea,  L.,  to  3  (609). 

Obd.  DROSERACEJU. 
Drosera,  L.,  occurs  with  cleistogamic  flowers  (169). 

Ord.  UALORAGEjE, 

Callitriche  verna,  L. — The  proterogynous  flowers  are  figured  by 
Axell  (17).  Axell  considers  them  to  be  anemophilous ;  Ludwig 
looks  upon  the  submerged  flowers  as  hydrophilous,  and  the  others 
as  entomophilous  (43 S). 

Myriaphyllum  spicatum  is  anemophilous,  and  M,  vertidllatum  is 
partly  anemophilous  and  partly  hydrophilous,  according  to  Ludwig 

(435). 

Ord.  COMBRETACEjE. 

Comhretum,  L.,  is  very  diligently  visited  by  humming-birds  in 
South  Brazil  (Fritz  Miiller,  359).  My  brother  informs  me  by  letter 
that  it  is  also  frequented  by  butterflies  (Callidryas), 

m 

Obd.  MELASTOMACE^. 

Eeeria,  Schlecht.,  has  two  kinds  of  stamens,  one  serving, 
apparently,  to  attract  the  fertilising-agents,  and  the  other  supplying 
the  pollen  for  cross-fertilisation  (606). 

Ord.  LYTHRARIEjE, 

165.  Lythrum  Salicarta,  L. — This  plant  has  acquired,  through 
Darwin's  numerous  and  laborious  experiments  (158),  so  important 
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a  place  iii  tlie  question  of  tLe  origin  of  si>ecie3,  that  its  fertilisation 
by  insects  in  tlie  wild  state  also  deserves  our  special  attention.  I 
shall  recapitulate  first  the  peculiarities  of  its  flower,  next  the  results 
of  Darwiu's  experiments,  and  finally  the  inaiict-viaitors  that  I  have 
observed. 

The  flowers,  which  are  set  in  close  whorls  on  a  long  spike,  aro 
almost  regidar,  usually  hexamerous  but  sometimes  pentameroiis, 
both  forms  occurring  on  the  same  spike ;  they  have  lost  something 
of  their  regularity  by  standing  not  quite  horizontally  but  directed 
slightly  upwards.  Of  the  five  or  six  petals  which  are  inserted  on 
the  edge  of  the  cylindrical  caJyx-tube,  5  to  7  mm.  long,  the  three 
lower  (outer)  are  usually   a  little  lunger  than  the  two  or   three 


i 


».— Bhert-ntyled  flower, 

a,  long  uilhen  or  lUi^i ;  th«  atiiinin 

giKD  iiallcn. 

b,  raldalied  ditto :  the  (Ugmi  in  Pig. 

e.  Bliart  ditto :  thp  ali^i 


«.— Mld.stj'lcd  nower, 


ro  and  fran  the  rlgUt  aide. 


Upper  ones ;  the  former  are  7  to- 11  mm.  long,  the  latter  6  to  ]  0  ram. 
When  the  flower  ia  fully  expanded,  as,  owing  to  tlie  crowded 
arrangement,  it  seldom  is,  the  upper  petals  stand  vertically  while 
the  lower  project  obliquely  forward  ;  and  the  latter  form,  therefore, 
a  rudimentary  platform  for  insects.  The  irregularity  in  position  of 
the  stamens  and  pistil  is  of  more  importance  ;  they  all  occupy  the 
inferior  (outer)  part  of  the  tube,  so  that  insects  cannot  reach  the 
base  of  the  flower  between  them,  but  only  above  them  ;  and  their 
ends  are  bent  upwards,  so  that  the  ventral  surface  of  the  insect 
must  come  in  contact  both  with  anthers  and  stigma.  Honey  i; 
secreted  by  the  fleshy  base  of  the  flower,  and  surrounds  thi 
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stalk  of  the  ovary  and  fills  the  space  between  it  and  the  sides  of  the 
tube.  Insects  are  attracted  from  a  distance  by  the  crimson  spikes 
of  flowers,  and  are  guided  on  their  way  to  the  honey  by  the  dark 
red  colour  of  the  inner  surface  of  the  calyx  and  by  the  dark  lines 
in  the  middle  of  each  petal.  These  insects  are  caused  to  perform 
regular  cross-fertilisation  by  the  trimorphism  of  the  flowers,  which 
forms  the  most  remarkable  feature  of  the  plant. 

In  each  flower  the  reproductive  organs,  which  consist  of  one  pistil 
and  two  whorls  of  stamens,  of  five  or  six  each,  are  of  three  difierent 
lengths ;  the  shortest  are  inclosed  in  the  calyx-tube,  the  intermediate 
ones  project  3  to  4  mm.,  and  the  longest  6  to  8  mm.  beyond  it,  and 
either  the  style  or  one  or  other  whorl  of  stamens  maybe  the  longest. 
All  the  flowers  on  any  one  plant  are  of  the  same  kind,  and  the  three 
forms  are  designated  by  Darwin,  the  Long-styled,  Mid-styled,  and 
Short-styled.  Both  pollen-grains  and  stigmatic  papillae  differ 
according  to  the  length  of  the  organs  which  bear  them.  All  the 
pollen-grains  are  elliptical  when  dry,  and  swell  into  a  spherical  form 
when  moistened.  The  pollen-grains  of  the  longest  stamens  are 
green,  those  from  the  middle-sized  and  shortest  stamens  are  yellow. 
The  pollen-grains  vary  in  size  also  according  to  the  length  of  the 
stamen  that  theycome  from,  and  there  is  even  a  slight  difference 
in  size  between  pollen-grains  from  stamens  of  the  same  length  but 
belonging  to  flowers  of  different  kinds.  The  following  table  exhibits 
these  differences  : — 


Form  of  flower. 


LoDg-styled 

Long-styled 

Mid-styled 

Mid-styled 

Short-styled 

Short-styled 


Size  of  dry  pollen-grains 

Diameter  of 

Relative  length  of 

In  nj^tf  mm. 

moist 

stamens. 

, 

pollen-grains! 

Length. 

Breadth. 

In  jIs  mm. 

7—74 

Intermediate . 

74-84 

4—44 

Short  .     .     . 

7-74 

34—4 

6—64 

I/ong    .     .     . 

9—10 

6—7 

9—10 

Short   .     .     . 

6-^7 

84—4 

6 

Long    .     .     . 

10—11 

6—8 

94—104 

Intermediate . 

7—8 

4—5 

7-74 

Colour  of 


Yellow. 

Yellow. 

Green. 

Yellow. 

Green. 

Yellow. 


So  the  longest  stamens  have  the  largest  pollen-grains,  and  the 
shortest  the  smallest. 

The  pollen-grains  of  the  long  stamens  differ  more  from  those  of 
the  middle-sized  and  short  stamens  than  these  from  each  other. 
The  stigmatic  papillae  in  the  long-styled  forms  are  considerably 
longer  and  have  their  free  ends  farther  apart  than  those  in  the 
mid-styled  and  short-styled  forms,  which  in  this  respect  also  do  not 
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differ  80  much  from  eacli  other.  In  all  tliese  forms  the  stigmatic 
papillie  cousist  of  long  cells,  whose  ends  are  cut  off  as  round  or 
elliptical  knobs  by  a  narrow  neck,  In  the  long-styled  flowers  these 
ceUa  are  Voff"  ™'"-  ^"^1*0'  ^'^^^  '^  *^^  V^^^  below  the  constriction  is 
about  twice  as  thick  as  the  knob  above,  these  knobs  stand  at  a 
distance  from  each  other  equal  at  least  to  their  own  diameter.  In 
the  mid-.styled  form  these  papilla  are  only  "^n^"  mm,,  and  in  the 
short-styled  -/j},'  ram.  long ;  and  in  both,  the  knobs  stand  very  near 
together,  since  the  part  of  the  cell  below  the  coustriction  is  little 
thicker  than  that  above. 

Now  it  was  Darwin's  great  service  to  prove  beyond  question, 
by  a  long  series  of  patient  experiments,  that  in  LythTitm.  Salicariu 
reproductive  organs,  when  of  different  length,  behave  to  one  another 
like  different  species  of  the  same  genus  in  regard  both  to  direct 
productiveness  and  the  character  of  the  offspring ;  and  that  con- 
sequently mutual  barrenness,  which  was  once  thought  conclusive 
proof  of  difference  of  species,  ia  worthless  as  such,  and  the  last 
barrier  that  was  raised  between  species  and  varieties  is  broken 
down. 

Now  of  the  eighteen  possible  ways  of  fertilisation, — applying 
the  six  different  kinds  of  pollen  to  the  three  kinds  of  stigmas, — 
those  six  only  are  fully  productive  in  which  a  stigma  receives 
pollen  from  a  stamen  of  equal  height.  The  probability  that  the 
large  pollen-grains  from  the  long  stamens  are  only  suited  to  the 
long,  widely  separate  papdluj  on  the  long  styles  (and  so  forth  in  the 
other  cases)  is  thus  fully  confirmed  by  experiment.  But  such  an 
adaptation,  such  a  differentiation  of  the  sexual  parts,  is  only 
intelligible  if  it  can  be  shown  that  under  natural  conditions  insect- 
fertilisation  causes  the  distribution  of  pollen  to  the  proper  stigmas; 
and  it  is  clearly  proved  by  observation  that  this  is  so. 

The  honey  of  Lfithruvi  Salicai-ia,  inclosed  at  the  base  of  a  tube 
5  to  7  mm.  long,  is  accessible  (1)  to  insects  which  have  a  proboscis 
5  to  7  mm.  long ;  and  (2),  since  the  entrance  to  the  tube  is  2J  Ui 
3  nam.  wide,  to  insects  whose  head  is  small  enough  to  be  thrust 
partly  or  entirely  into  the  tube ;  and  (3)  to  insects  small  enough  to 
creep  down  to  the  base  of  the  flower. 

Almost  every  insect,  whose  body  along  with  its  proboscis  is  at 
least  12  to  15  mm.  long,  must  in  sucking  the  honey  toudi  the 
shortest  organs  with  it«  proboscis,  or,  if  this  is  less  than  .=>  to  7  mm 
loug.  with  the  under  side  of  its  hea^l ;  the  next  series  with  a  part  of 
Jts  ventral  surface  4.  u.  5  mm.  further  Wk,  and  the  third  aeriea 
with  another  part,  rkf  its  ventral  surface  the  same  distance  Cv^A 
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the  last.  Thus  all  the  three  kinds  of  stigmas  will  tend  in  time  to 
receive  pollen  from  stamens  of  their  own  length.  If  the  middle- 
sized  and  longest  organs  were  also  inclosed  within  the  tube,  the 
proboscis  or  head  of  the  insect  in  passing  down  would  come  in 
contact  with  all,  one  after  the  other,  and  cross-fertilisation  could  not 
be  nearly  so  well  restricted  to  its  proper  lines.  In  point  of  fact,  the 
insect  aUghting  on  the  middle-sized  and  longest  organs  never  has 
occasion  to  touch  these  with  its  proboscis  or  the  fore-part  of  its 
ventral  surface,  the  parts  that  are  to  come  in  contact  with  the 
shortest  organs ;  nor  is  the  posterior  part  of  the  ventral  surface 
which  has  been  in  contact  with  the  longest  organs,  ever  brought 
forward  during  the  process  of  sucking  to  touch  the  intermediate 
ones.     So  that,  as  a  rule, "  legitimate  crossing  "  only  is  performed. 

In  the  action  just  described,  which  leads  regularly  to  legitimate 
crossing,  only  the  larger  ancl  middle-sized  bees  and  the  larger  flies 
take  part. 

I  have  observed  :  (1)  Cilissa  melanura,  Nyl.  ^J  and  ?  ,  wherever  Ly thrum 
Saliearia  grows,  both  sucking  honey  and  gathering  pollen,  and  almost  confining 
itaelf  to  this  one  plant  (Since  its  proboscis  is  only  3 — 4  mm.  long,  it  must  thrust 
a  great  part  of  its  head,  which  is  2—3  mm.  broad,  into  the  tube :  it  then  touches 
the  shortest  reproductive  organs  with  the  under  surface  of  its  head,  the  next 
with  the  ventral  surface  of  its  thorax,  and  the  longest  with  the  ventral  surface 
of  its  abdomen  ;  so  that  its  dimensions  suit  the  flower,  just  as  well  as  the  flower 
must  suit  it,  for  the  insect  to  confine  its  visits  so  exclusively  to  it  I  have  only 
found  one  exception  to  this  exclusiveness,  for  I  onc«  found  a  male  of  Cilissa 
melanura  sucking  honey  on  Thrincia  hirta,  D.C.)  ;  (2)  Saropoda  rotundata,  Pz. 
9  Si  frequently  (body  without  proboscis  10 — 11  mm.,  proboscis  9  mm.  long) ; 
(3)  Apis  mellifica,  L.  ^  (body  without  proboscis  11 — 13  mm.,  proboscis  6  mm. 
long) ;  (4)  Bombus  terrestris,  L.  9  (body  12—16  mm.,  proboscis  7 — 9  mm. ) ;  (ft) 
B.  agrorum,  F.  §  (body  10 — 13  mm.,  proboscis  9 — 11  mm.) ;  (6)  B.  sil varum, 
L.  9  (body  10 — 12  mm.,  proboscis  10^12  mm.).  All  the  humble-bees  were 
frequent,  and,  like  Nos.  2  and  3,  sucking  honey  only  ;  (7)  Megachile  centun- 
cularis,  L.  (J  (body  10  mm.,  proboscis  6 — 7  mm.),  also  sucking  honey.  The 
]a.<it  six  species,  as  the  annexed  measurements  show,  have  all  tongues  long 
enough  to  reach  the  honey  by  thrusting  in  the  tongue  alone  ;  they  all  therefore 
touched  the  shortest  organs  with  their  tongues,  the  next  series  with  the  lower 
surface  of  the  head,  and  the  longest  with  a  part  of  the  ventral  surface  of  the 
body  4 — 5  mm.  further  back.  The  hive-bee  must,  in  full-sized  flowers,  have 
thrust  the  extremity  of  its  head  1  mm.  deep  into  the  calyx-tube. 

Besides  these  bees,  which  deserve  to  be  placed  in  the  first  rank  as  legitimate 
fertilisers,  the  Loosestrife  is  visited  by  a  number  of  long-tongued  flies,  especially 
Rhingia  rostrata.  This  fly,  standing  on  one  or  more  of  the  petals,  after  gently 
rubbing  its  forefeet  together,  and  brushing  its  tongue  and  head  with  them, 
stretches  its  proboscis  out  to  a  length  of  11  — 12  mm.,  and  thrusts  it  down  into 
the  flower,  letting  it  remain  there  from  six  to  ten  seconds.  Immediately  after 
withdrawing  it  from  the  tube,  it  usually  manipulates  one  of  the  anthers  with  its 

c   9 


L 


260  THE  PEETTLISATION  OF  FLOWERS.        [past  ii 

labcllte  for  a  short  timi?  (one  to  two  seconds)  in  nrder  to  ndil  to  the  liquid 
non-uitmgenong  food  Home  solid  nilrogenotia  mutter  in  the  shape  of  pollen- 
graiiui.  In  inserting  lis  proboscis  int<i  the  tube,  the  conical  prolongation  of 
the  bead  romes  in  contact  with  the  middle-nized  reproductive  organs,  while  the 
proboscis  itself  touches  theshortest ;  the  longest  oi^ians  come  at  times  in  ccmloct 
with  the  ventral  HUrface  of  the  fly,  but  very  often  fail  to  do  so  ;  and  !>o  this  fly, 
as  a  rule,  only  performs  two-thirds  of  the  legitimate  work  of  fertilisation. 
Two  other  Syrphidw,  Heluphilus  pendulns,  L.,  and  H.  trivittatus,  F,  (probnscis 
6 — T  Dim.  long],  alight  upon  the  longest  reproductive  organs,  and  fertilise  all 
three  kinds  of  flowers  legitimately  ;  so  niso  does  Volucella  jilumata,  L.,  whoM 
proboscin  is  7 — 6  mm.  long.  Several  smaller  Syrphids,  whwie  proboscis  is  loo 
short  to  reacih  the  honey,  viz.  Syritta  pipiens,  L.  (proboscis  3  mm.),  Svrphiw 
hnlteatiiB.  Deg.  (2  mm.),  and  Melithreptua  tteniatus,  Mgn.,  feed  on  the  pollen, 
which  they  m«y  cliauce  to  carry  to  the  stigmas  ;  but  they  are  as  likely  to 
perform  illtgitiniate  as  Intimate  fertilisation,  Tlie  same  holds  good  of  Holictus 
cylindricus,  F.  ? ,  which  luu  likewise  too  short  aproboscis  to  reach  the  honev, 
and  only  collects  pollen  on  this  flower  ;  and  oIbo  of  some  very  small  insect*, 
Nnnophyeg  lythri,  F.,  Mcligethes,  and  Thrips,  which  creep  down  into  the  tube, 
and  of  a  species  of  Cnpsus  which  ruii!i  about  indiscriminately  on  the  leaves  and 
also  on  the  flowers  of  the  plant. 

Two  bntlerflies  also,  Rhodocera  rhanini,  h.,  and  Pieris  rapic.  L.,  are  to  be 
neon  rather  abundantly  on  the  flowers  of  the  Loosestrife,  The  butterfly,  sitting 
upon  one  flower,  thruala  its  proboscis  (15  mm.  long)  into  the  next ;  it  thu«  i 
touches  the  shortest  organs  rcunlarly  with  its  proboHcis,  but  seldom  the  middle- 
sized  ones,  and  the  longest  Bcarcely  ever,  but  the  middle-aiKcd  and  longest 
organs  of  the  flower  on  which  it  is  seated  come  in  contact  with  the  ventnil 
surface  of  its  body, 

In  the  following  list,  those  insect- visitors  which  regularly  accomplish  crot»- 
fertilisntiou  in  its  three  forms  are  nuirki'd  with  (!)  ;  those  wbich  as  a  rule  onlv 
effect  one  or  two  forms  of  crossing  are  printed  without  special  mark  ;  anil 
those  which  only  occasionally  fertilise  the  plant,  and  perform  illegitimate 
as  often  as  legitimate  fertilisation,  are  placed  in  parentheses. 

A.  Hymenoptera — Apida  .-  (1)  Cilissa  melanum,  Nyl.  (J  ?  !  s.  and  c.p^  ab. ; 
(2)  Saropoda  rotimdata,  Pz.  $<i\  b.,  ncrt  rare ;  (3)  Apis  niellifica,  L.  tj !  s. ; 
(4)  B.  terrestris,  L.  tj  !  s.  ;  (5)  B.  agrorum,  F.  (J  I  b.  ;  (6)  B.  silvarum,  L.  ?  !  a. ; 
(7)  Hegachile  centunculsris,  L.  (J  !  s.  ;  (8)  (Halictus  minutissimus,  K,  ? ,  s.) ; 
(9)  (H.  cylindricus,  F.  { ,  cp.).  B.  Diptera— i^jiAirfn  :  (10)  Rhingia  roiiti«l«, 
L.,  8.  and  cp.  ;  (11)  Helophilus  pendulum,  L. !  s.  ;  (12)  H.  trivitUtus,  F.l  s. ; 
(13)  Volncella  plumata,  L.  !  s. ;  (14)  (Syritta  pipiens,  L.,  f.p.)  ;  (15)  (Syrphin- 
Ivalteatus,  Deg.,  f.p.)  ;  (16)  (Melithreptua tteniatus,  Mgn.,  f.p.).  C.  Lepidoptera 
^Rliopalocfra :  (1?)  Rhodocera  rhamni,  Li.,s.,  ab.  j  (18)  Pieris  rapre,  L.,s.,ali, 
D.  Coleoptera— (a)  Carruliomrlit :  (19)  (Nanophyes  lythri,  F.)  ;  (b)  miululifla- : 
(30)  (Mcligethes),  E.  Thysanoptera— (21)  (Thrips).  F.  Hemiptera— (2a) 
(Capsua),     See  also  No.  590,  II. 

Lt/thrum  Graeffhri,  Ten.,  is,  like  L.  Snliearia,  triniorphir  ;  L. 
thymifolia,  L.,  is  dimorphic,  and  L.  hi/ssopi/olia.,  L.,  liomoinorpliic 
(Darwin,  No.  154). 

Besides  tylhntm,  Nfstta,  Commers.,  and  Lagrrdramia,  L.,  have 
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trimorphic  species ;  Panphis,  Forst.,  has  dimorphic  species  (Kuhn, 
No.  399,  Darwin,  No.  167,  2nd  ed.).  Koehne  mentions  twenty-one 
heterostylic  and  340  horaostylic  species  of  Lythrum  ;  according  to 
hiin,  L,  thymifolia  is  not  heterostylic  (394).  Ptmphis  acidula, 
Forstb,  and  some  species  of  Botala}  L.,  and  Nescea  are  clearly 
heterostylic  and  dimorphic. 

Amnumnia  lati/olia,  L.,  has  cleistogamic  .flowers  (394). 

Cuphea  sHenaides,  Nees,  C.  Jlarilmnda,  Lehm.,  and  C,  MelvUla 
LindL,  according  to  Treviranus,  fertilise  themselves  before  the 
flower  opens  (742). 

Ord.  ONAGRARIE.E, 

166.  Epilobium  angustifolium,  L. — The  markedly  proter- 
androus  flower  was  thoroughly  discussed  by  Sprengel,  who  noticed 
humble-bees  as  its  fertilisers.  The  bright  crimson  racemes,  a  foot 
long,  are  very  conspicuous.  The  honey  is  secreted  by  the  green, 
fleshy,  upper  surface  of  the  ovary,  and  is  easily  accessible  to  insects 
and  yet  well  sheltered  from  rain.  The  expanded  lower  ends  of  the 
filaments  form  a  hollow  cone,  which  incloses  the  base  of  the  style 
and  the  surrounding  honey ;  where  the  style  issues  at  the  apex  of 
this  cone,  hairs  upon  the  style  prevent  the  entrance  of  raindrops, 
while  insects  easily  gain  access  between  the  filaments. 

In  young  flowers  the  stamens,  covered  above  with  pollen,  project 
forwards  as  an  alighting-place  for  insects,  while  the  style  is  still 
short  and  bent  downw^ards,  with  its  stigmas  folded  together ;  in  older 
flowers,  the  empty  stamens  are  bent  downwards,  and  the  style, 
greatly  increased  in  length,  projects  forwards  with  its  four  stigmas 
outspread  and  recurved.  Alighting,  sucking,  and  pollen-collecting 
are  thus  all  made  easy,  cross-fertilisation  in  case  of  insects-visits  is 
insured,  and  self-fertilisation  rendered  impossible.  In  fine  weather, 
sufficient  insect-visits  are  always  insured  by  the  conspicuous  colour, 
size,  and  grouping  of  the  flowers,  and  by  the  abundance  and 
accessible  position  of  the  pollen  and  honey. 

Visitors:  A.  Hymenoptera— (^1)  Apidft :  (1)  Apis  mellifico,  L.  9  1  ^m  very 
ab.  ;  (2)  Boiiibus  lapi<larius,  L.  9  ^  ;  (3)  B.  pratorum,  L.  ?  ^  cJ  J  W  ^' 
terrestrifl,  I«.  9  9  J  5  (^)  ^-  coiifu.sus,  Schenck,  9 1  ^H  ^^>-j  •*'•  J  (^0  1^-  Jij^roniin, 
F.  9  9  cJ»  v^*ry  ab.,  8.  ;  (7)  B.  (ApathuB) campestri.s,  Pz.  (J,  s.  ;  (8)  Sphccodes 
>;ibbu»,  L.  9»  8.  ;  (9)  Nomada  Roberjeotiana,  Pz.  9>  ^  i  (1^)  ^-  Jiic<>l>itti% 
Pz.  (J,  8.  ;  (ft)  Sphegulit :  (11)  Cerceris  uasutii,  Latr.  ;  (12)  (Vabn)  alatus,  Pz.  ; 
(13)  Ammopbila  sabiilosa,  L.  ;  (c)  TenthredtnkUv  :  (14)  Teiithre<l«>  nompliulaiiji', 
L.,    all    Huckii.^.      B.    Diptera — (a)    EmpUhv :    (15)    Einj)is  nistira,   Falliii  ; 

*   y^uk  Bcntham  and  Hooker,  Gnicrii  PlanUxrum,  i.  p.  776. 
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Ifi,  £.  livjiii.  L„  lH>lh  ^U':kiii^'.  abiiiKlAnt ;  'ITj  SyrphiH  ribeaii,  L^  f.f 
D.  Lepi'loptcru — .<iihin-jft :  [IS,  liio  rUtiuL-s  L.,  «.  S«e  ako  No.  590^  IL,  ■■ 
X...  609. 

Ejiil'MiiM  FItUchtri,  Hoclist.  {E.  dcnticutaium,  Uleoder],  i 
visiUtl  by  Diiiiicruus  liuiiiblc-boes.  It  is  sometimes  bomogunii 
sometiinost  proti;raDJrous,  sometimes  pro t erogenous,  aad  the  sha 
style  always  occupies  the  same  position  Ik'Iow  the  stameus.  Cros 
fertiliaatii>n  is  gL'iierally  insured,  but  self-fertilisatioD  is  not  qnil 
excluded  (No.  609,  fig.  82). 

Insect-visitors  of  i'.  Dodonui,  Vill.,  £.  or^ni/olium,  Imc 
and  A'.  iiwntanMiii,  L.  (E.  mllinum,  Gine!.),  lire  euutnerated  io  D 
AlptiJJnhiai. 

167.  Ep[l,OB[UM  PARViFLORfM,  SchrebcT. — In  regard  to  tl 
power  of  attrartiu"  insects  and  tlio  [wssibility  of  self-fertilisatio 
two  fqwcies  of  the  same  genus  ei)uld  scarcely  stand    in   great 


contrast  to  eacli  ntlur  than  Epilohiiim  parvijforiim  anil  B.  aiiyi 
li/'iliiim ;  for  ttie  solitary,  pale-reil  Howers  of  the  former  species  a 
easily  ovorlooki.ll  even  by  the  practisted  eye,  and  generally  expt 
their  Iioney  to  no  purpose,  R'Ct.iving  inscct-vi.tits  only  exceptional 
Accordingly  self-fertilipatiun  is  a  regular  occurrence. 

The  honey  is  secreted  by  the  iip|M3r  surface  of  the  ovary » 
lo<lged  round  the  base  of  tlio  stylr  ;  it  is  sheltered  from  rain  i 
so  much  by  the  stamens  as  by  a  ring  of  hairs  projecting  imrai 
from  the  petids.     StaTneiis  and  stigmas  ripen  t<^ether.     The  ft 
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shorter  BtomeDS  are  set  apart  for  cross-fertilisation,  as  they  stand 
below  the  stigmas  and  are  touched  without  fail  by  honey-seeking 
insects.  The  stigmas,  standing  in  the  centre  of  the  narrow  flower, 
must  be  touched  first  by  an  insect-visitor.  The  four  longer  stamens 
are  concerned  in  self-fertilisation,  and  stand  close  round  the  stigmas, 
which  are  provided  with  long  stigmatic  papillie  on  their  outer  as 
well  as  on  their  inner  sides.  We  must  suppose  that  in  case  of 
insect-visits  the  pollen  brought  from  without  predominates  in  its 
action  over  the  pollen  belonging  to  the  flower.  In  spite  of  frequent 
watching,  I  have  only  observed  Pierw  rapes  and  a  Mdigethes  sucking 
honey  on  this  plant. 

168.  Epilobiuh  oriqanifouuh.  Lam. — This  Alpine  species  is 
comparable  in  many  respects  to  E.  parvifiorum.  The  flowers  are 
small,  tubular,  and  inconspicuous;  the  style  is  unhranched,  and 
st^matic  papilhe  form  a  uniform  covering  for  its  upper  end.  The 
stigma  is  fully  ripe  on  the  opening  of  the  0ower,  the  stamens  reach 
maturity  a  little  later.  The  upper  whorl  of  stamens  performs  self- 
fertilisation  regularly,  while  the  lower  whorl  provides  for  occasional 
crossing.     Argynnia  Pales  was  observed  sucking  several  flowers. 

£piloHum  kirsulum,  L. — The  flowers  of  this  species,  whose 
raiy  corolla  expands  to  a  diameter  of  25  to  30  mm.,  are,  taken 


Epilotlum  klDuhin,  L. 


singly,  still  more  conspicuous  than  those  of  E.  anguali/olium  ;  but 
the  latter  is  rendered  the  more  conspicuous  of  the  two  by  tlie 
uggregation  of  more  numerous  flowers.'  I  have  had  no  opportunity 
of  watching  E.  hirsiitum  in  the  right  places  at  the  right  time ;  but 
from  the  arrangement  of  its  flowers,  as  well  as  from  its  less  striking 
appearance,    it    is    probable   that   its    insect-visitors   are   not  so 
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(Enothera  teTiella,  Bert  {Oodetia  Cavanillesii,  Spacb.),  in  the 
central  province  of  Chili,  produces  cleistogamic  flowers  in  spring.^ 

Fuchsia,  L.,  is  visited  in  New  Zealand  by  Nectarinidse  {Anthaniis 
melanura) ;  and  in  North  America  by  Ruby-throated  Humming- 
birds (Potts,  No.  652A,  and  Trelease,  No.  731). 

Lopezia  corofuUa,  Andr. — The  floral  mechanism  of  this  plant  is 
described  and  figured  by  Hildebrand  (346).  In  each  flower  there 
is  present  one  perfect  stamen ;  a  second,  standing  immediately 
below,  is  reduced  to  a  spathulate  leaf,  whose  two  halves  fold 
upwards,  and  in  the  first  stage,  projecting  horizontally  from  the 
flower,  inclose  the  anther  of  the  perfect  stamen.  The  stalk  of  the 
spathulate  leaf  has  an  elastic  tension  downwards,  the  filament  of 
the  stamen  an  elastic  tension  upwards  ;  so  when  an  insect  alights 
on  the  projecting  spoon-shaped  blade,  as  the  only  convenient  spot 
from  which  to  reach  two  drops  of  honey  that  seem  to  rest  upon  a 
knee-shaped  bend  in  the  upper  petals,  the  leaf  springs  downwards, 
and  the  stamen  is  set  free  and  flies  upwards,  dusting  the  lower 
surfia.ce  of  the  insect  with  pollen.  When  the  stamen  has  thus  served 
its  purpose,  it  gradually  curves  upwards  out  of  the  flower ;  and  the 
style  which  was  hitherto  undeveloped  grows  gradually  out  of  the 
flower  in  a  horizontal  direction,  so  as  to  form  another  alighting- 
place.  Self-fertilisation  is  rendered  impossible  by  this  marked 
proterandry.  I  have  frequently  seem  the  whole  process  performed 
in  my  room  by  the  house-fly  (Mvsca  domestica,  L.),  and  by  the 
common  gnat  (Culex  pipiens,  L.) ;  and  also  at  an  open  window  by 
the  hive-bee. 

What  seem  to  be  drops  of  honey  on  the  two  upper  petals  are 
in  reality  dry,  shining  bodies  which  deceive  the  flies  as  well  as  us. 
Lopezia  cororuda  is  therefore  a  deceptive  flower  like  Pamassia  ; 
but  like  the  latter,  also,  it  possesses  real  nectaries  in  addition, — 
two  yellow  pits  at  the  base  of  the  two  stamens,  the  functional  and 
the  abortive  (Delpino,  No.  178). 

Lopezia  racemosa,  Cav.,  seems,  from  Ogle's  description  (No. 
63 1 ),  to  agree  fully  in  the  structure  of  its  flower  with  L,  coroTiata. 

Lopezia  miniata,  D.C.,  is  likewise  markedly  proterandrous ; 
but  its  stamen  is  not  irritable,  and  does  not  lie  inclosed  by  the 
spoon-shaped  staminode,  but  stands  above  it  (Hildebrand,  No.  356). 

170.  CiRCiEA  LUTETIANA,  L. — This  plant  is  fertilised  much  in 
the  same  way  as    Veronir^  ChamaxlrySy  L.,  in  spite  of  the  small 

'  Philippi,  Bot.  ZcU.  1870,  j.p.  104-106. 
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back  of  the  insect-visitor.     Delpino  has  observed  humble-bees  and 
Xytocopa  violacea  accomplishing  cross-fertiHsation  in  this  manner. 

(■;2)- 

In  PaasijUrra  raceviosa,  Brot.  (/*.  p>-inceps,  Lodd.),  the  tube  is 
divided  by  rings  of  hau'3  iiito  three  chambers,  the  lowest  of  which 
contains  the  honey.  From  the  size  of  the  flowers,  and  their  rich 
store  of  honey,  Delpino  imagines  that  humming-birds  are  the 
fertilisere ;  and  he  supposes  that  the  triple  funce  serves  to  keep 
away  less  intelligent  visitors  (i  78). 

My  brother  Fritz  MuUer  has  observed  in  his  garden  at  Itajahy 
that  some  Fassiflone  are  fertilised  exclusively  or  chiefly  by  hum- 
ming-bii-ds ;  but  he  is  convinced  that  abundance  of  houey  is  no 
proof  of  the  flower  being  visited  by  humming-birda,  for  one 
species  in  his  garden,  which  is  very  diligently  visited  by  them, 
contains  no  honey  and  is  odonrless,  while  another  smaller  white 
species  flowering  in  Itajahy,  in  spite  of  great  abundance  of  honey 
and  a  pleasant  scent,  is  never  visited  by  humming-birds.  The 
numerous  coronse,  projecting  ledges,  etc.,  seem  to  him  to  be  of 
service  in  detaining  small  insects  in  the  lowest  chamber  (which 
often  contains  no  honey)  and  keeping  them  caged  for  the  hum- 
ming-birds, rather  than  in  making  access  to  the  chamber  difficult 
for  unprofitable  visitors  of  low  intelligence. 

Ord.  CUCURBITACE^. 

171.  EaYOJJiA  DioiCA,  L. — The  lower  part  of  the  calyx  and 
corolla,  both  in  the  male  flowers  and  in  the  female  flowers  (which 
are  only  half  as  large)  is  iidherent  to  a  hemispherical  cup-shaped 
disk,  whose  naked,  fleshy  floor  secretes  honey.  In  the  male  flower 
five  irregularly  formed  fleshy  stamens  arise  on  the  edge  of  this  cup, 
and  arc  so  expanded  and  inclined  inwards  that  they  completely 
roof  in  the  cup.  Four  of  tlie  anthers  cohere,  to  form  two  pairs ; 
the  fifth  is  free  on  both  sides.  Thus  the  honey-holding  cup  has 
three  narrow  lateral  entrances  each  placed  betweeu  two  stamens 
and  fringed  with  long  hairs;  and  also  an  entrance  from  above  in  the 
midst  of  the  upper  ends  of  the  stamens.  The  anthers  form  narrow 
ridges  on  the  broad  stamens,  and  the  long,  narrow  slits  by 
which  they  dehisce  are  so  bent  that  the  greater  part  of  each 
faces  one  of  the  lateral  openings,  while  the  uppermost  portion 
looks  directly  upwards.  A  hoiiey-seeking  insect  alighting  in  the 
middle  of  the  flower  may  thrust  its  proboscis  down  in  the  midst  of 
all  the  stamens,  or  approaching  from  the  side  it  may  reach  the 
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opposite  to  that  which  the  anther  touches  at  the  same  time  ;  and 
so  cross-fertilisation  may  result  if  the  insect  has  come  from  another 
flower. 

In  ahsence  of  insects,  the  flowers  mostly  wither  without  self- 
fertilisation  taking  place,  as  I  have  observed  in  specimens  in  my 
room.  I  have  found  a  few  flowers  in  which  the  stigma,  instead  of 
being  directed  obliquely  downwards  between  the  two  stamens,  was 
in  contact  with  one  of  them  from  the  beginning. 

The  only  visitors  that  I  have  seen  are  small  flies  which  behaved  in  the 
manner  described.  I  have  collected  (a)  SyrphidcB  :  (1)  Baccha  elongata,  F.  ; 
(2)  Ascia  podagrica,  F.  ;  (3)  Melanostoma  mellina,  L.  ;  (b)  Afusddoi :  (4) 
Anthomyia  sp.,  with  yellow  abdomen.  Several  other  small  Muscidte  and 
S\nrphidae  escaped  me. 

On  a  bunch  of  Circsea  lutetiana  which  I  kept  in  a  glass  of  water  in  my  room, 
I  found  a  great  number  of  house-flies :  (5)  Musca  domestica,  L.,  sucking  honey 
and  fertilining  the  flowers. 


Ord.  LOASEjE, 

Cajophora  lateritia  is  distinctly  proterandrous,  according  to 
Delpino.  In  the  first  period  the  anthers,  which  lie  in  five  bundles 
in  the  hollow  and  outspread  petals,  rise  up  one  by  one,  bend 
inwards  towards  the  middle  of  the  flower,  and  pass  back  into  their 
old  position  after  giving  up  their  pollen  to  insects.  With  these  five 
bundles  there  alternate  five  groups  each  containing  five  metamor- 
phosed stamens ;  in  each  of  these  latter  groups  the  three  outermost 
staminodes  cohere  and  form  in  their  expanded  base  a  honey-recep- 
tacle, while  the  two  inner  ones  incline  as  stiff"  rods  towards  the 
middle  of  the  flower,  and  their  bases,  expanded  and  fringed  with 
hairs,  give  shelter  to  the  honey.  After  the  anthers  have  all  withered, 
the  pistil  grows  up  and  unfolds  its  stigma. 

In  the  first  period  the  insects  cling  to  the  central  tuft  of 
stamens ;  in  the  second,  to  the  stiff"  metamorphosed  protective 
staminodes.  The  fertilisers  seem  to  be  bees,  according  to  Delpino 
(177).  This  is  in  direct  contradiction  to  Treviranus*  view,  that  tlie 
flowers  of  Cajophora  are  self-fertilising  (742). 

Ord.  PASSIFLOEE.E. 

PaJisiJlora  cwrulea,  L.,  w^as  thoroughly  described  by  Sprengel, 
who  recognised  it  as  a  proterandrous  form  in  which  the  anthers  in 
the  first  stage,  and  stigma  in  the  second,  came  in  contact  with  the 
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e-p-  only  ;  (5)  H.  i!exnc)Utii8,  K.  ? ,  cp.  only  ;  (6)  C<clioiys  Miuplei,  Nyl, 
?,&;  (7)  Apis  melliAca,  L.  $,  c.p.  ;  (fi)  Sjihnfiila :  (8j  Qunliw  mysUceiiB, 
L.,  freq.,  «. ;  (H)  Ammnphila  wbiiloBa,  L.,  freq^  e.  ;  (c)  Veijiidit :  ( lOJ  Eumenis 
pomifonuiH,  L.  ^J  ;  (II)  Odynvnu  [larieliim,  L.  9 ,  botli  eui'king.  B.  Culcoptem 
'~Malaeod*rmaia  :  (12)  DoayUe  ep.,  only  on  the  male  fliiwera,  f.p.  C.  Ltpi- 
dopt«ro — RhnpaUierra :  (13)   Pieris  nit]>i,  L.,  b.     See  also  No.  590,  ii. 

Tbe  flowers  of  a  species  of  Trianos^}fTma  in  South  Brazil  are 
visited,  according  to  Fritz  Miiller,  very  abundantly  alJ  day  long  by 
A/ns  jiuUifica  and  species  of  Melipona,  although  they  are  scentle«&. 
greenish,  quite  inconspicuous,  and  to  a  great  extent  hidden  by 
foliage  (S97). 

Orh.   UMBELLIFEH.K. 

The  general  phenomena  of  pollination  iu  Uuibellifene  have 
been  already  so  clearly  and  thoroughly  described  by  Sprengel,  that 
I  may  confine  myself  to  a  short  account  of  the  most  important 
peculiarities.  The  main  features  of  the  flowers  are :  firstly,  the 
open  situation  of  the  honey,  niaking  it  accessible  to  even  the  most 
short-lipped  insects;  and  secondly,  the  union  of  many  flowers  in 
one  head,  making  them  not  only  more  conspicuous,  but  also  per- 
mitting them  to  be  more  quickly  searched  and  fertilised.  Comus 
shares  both  of  these  characters  with  the  Umbellifene,  but  in  a 
much  less  perfect  form. 

In  mostUmbellifers  the  honey  is  rendered  even  more  accessible 
than  in  Comits,  hy  the  secreting  disk  being  more  convex  and 
cushion-shaped,  and  by  the  stamens  spreading  further  apart.  The 
close  association  of  many  flowers  is  more  perfectly  attained  in 
HXTmbellifene  tlian  in  Comus,  far  more  numerous  flowers  uniting  in 
one  close-set  surface,  so  that  a  visitor  quickly  traverses  the  whole  ; 
and  the  florets  are  differentiated  in  the  service  of  the  community, 
those  in  the  centre  being  condensed,  and  those  towards  the  edges 
more  expanded,  rendering  the  whole  more  conspicuous. 

As  a  farther  advantage  comes  proterandrous  dichogamy,  often 
developed  to  such  a  degree  that  all  the  florets  of  one  whole  in- 
florescence only  protrude  thpir  styles  and  develop  stigmas  after 
the  shedding  of  the  pollen  :  so  that  iu  the  first  period  of  flowering 
a  whole  community  dusts  with  pollen  the  insects  that  visit  it,  and 
in  the  second,  exposes  its  stigmas  to  he  dusted  in  return.  So  crosp- 
fertilisation  of  separate  inflorescences  always  takes  place,  and  the 
impossibility  of  self-fertilisation  is  still  further  assured.  Hence  it 
happens  that  in  many  Umhellifera  (e.g.  Mifrrhis)  towards  the  end 
of  the  season  only  male  flowers  arc  pronbiced,  which  furnish  pollen 
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for  tlie  last  of  the  androgyoous  flowers,  now  in  their  second  ur 
female  stage. 

HydrocotyU  americana  i»  visited  in  Kew  by  minute  flies 
(Henalow,  330). 

SydTocntyU  vulgaris,  L. — The  exceedingly  inconspicuous  flowers 
fertilise  themselves.  I  have  not  yet  seen  them  visited  by  insects 
(S90.  I-)- 

172.  EbyngiUM  CAMPESTRE,  L.  (Thnringia). — As  in  all  other 
Umbellifers,  the  upper  surface  of  the  ovary  secretes  and  lodges  the 


honey :  but  the  honey-gland  here  does  not  form,  as  usual,  a  swollen 
cushion  covering  the  whole  surface  of  the  ovary,  but  a  hollow 
rounded  disk  five-sided  in  outhne,  and  surrounded  by  ti  ten-lobcil 
rough  wall  of  tiny  (accumbent)  bristles.  The  five  equal-sizcil 
petals  stand  stiff  iind  upright,  with  nearly  the  whole  of  their  upper 
halves  folded  inwards;  they  stan<i  about  3  mm.  high,  and  ore 
overtopped  by  the  stiff,  bristle-like  sepals  which  alternate  with 
them:  the  equally  stiff  and  bristlc-likc  bracts  protnide  still  furthci'. 
So  the  honey  is  accessible  only  to  iuRects  which  have  a  proboscis  at 
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least  3  mm.  long,  or  are  strong  enough  to  ptiah  apart  the  floral 
organs  which  protect  it.  Accordingly,  in  connection  with  the  fully 
fleveloped  proterandry,  cross-fertilisation  alone,  as  in  all  other 
Umbellifers,  can  take  place.  Eryngium  shares  only  slightly  in  that 
special  advantage  which  Umbellifers  in  general  possess  from  having 
their  flowers  massed  together  in  one  surface,  for  the  bristle-like 
bracts  render  it  difficult  for  the  insects  to  go  creeping  about 
the  umbel.  This  disadvantage  is  somewhat  atoned  for  by  the 
richer  secretion  and  better  protection  of  the  honey.  Hence,  in  spite 
of  the  prickly  flowers,  insect-visita  are  by  no  means  scarce,  but  in 
sunny  weather  we  see  the' plant  abundantly  visited  by  wasps  and 
flies,  bees  coming  in  much  smaller  numbers.  I  have  observed  aa 
visitors  and  fertilisers  : — 

A.  Hymenopfcra~-(a)  Sphegidir  :  (I)  Cerctris  albofafti-iftW.  Dlb.,  ncarcn  ; 
(2)  C.  labiflla,  F.,  ab.  ;  {3)  G.  nuatila,  Kl.,  ab.  :  (4)  C.  variabOia,  Schr.,  not  rare  : 
(5)  Philanthoa  triangiilnm,  F.  ;  (S)  Ammnphila  snbnloea,  L.,  «b,  ;  (7)  Tiphia 
femorata,  F. ;  (S)  Priocnemia  bipanctatup,  F.  ?  ;  (6)  Vetp\da:  (9)  Odynems 
parietuin.  L.  9  :  (10)  Pnlistea  ^llica,  L.,  and  var.  diailema,  verv  ab.,  almo«t 
always  to  be  found  in  sunny  wenlhcr  ;  if)  Chrytidit :  (11)  Chryaia  gp.,  all 
Backing;  (d)  Apuire ;  (12)  NomaJa  Koberjeoliana,  Pa.  Ji  (13)  Andrena 
RoBO!,  Pi.  9  ;  (14)  HalictuscjlindricHB,  F.  ^  ;  (15)  H.  longulua,  Sm.  ^  ;  (16) 
Apis  melliflca,  L.  9  ;  all  only  aucking.  B.  Diplera— (a)  SyTphidft:  (17) 
EristaliH  lenai,  L. ;  (18)  E.  arbuslormn,  L. ;  (18)  K  nemorum,  L,  ;  (SO)  Helo- 
philua  floreUR,  L. ;  all  four  abundant ;  (h)  .Vnicitfir ,-  (21)  Lucilia  Ctesar,  L  ; 
(22)  Sareophaga  camaria,  L.  ;  (23)  EcLinomyia  feni,  L.  ;  (24)  Bpeoies  of 
Anthomyia,  all  nuoking. 

173.  AsTRANTiA  MAJOR,  L. — In  Asira7itia  major,  the  special 
advantages  which  most  of  the  other  forma  develop  so  fully,  and 
resemble  each  other  so  much  in,  are  very  little  developed. 

The  umbels  are  simple,  their  florets  form  no  close-packed 
surface,  the  petals  remain  rolled  up  in  the  middle  of  the  flower, 
and  while  they  thus  protect  the  honey  from  rain,  they  make  it 
less  accessible  and  the  flowers  less  conspicuous.  Although  the  last 
objection  is  to  some  extent  removed  by  the  bright  white  bracts, 
insect-visits  are  less  abundant  than  to  most  other  forms  of  this 
order,     I  have  noted  the  following  in  my  garden  at  Lippstadt : — 

A.  Hymtncipt^ra — Apiiiir ;  (1)  Andrena  albicnis,  K.  ^  ;  (2)  Prosopis 
Bi'piata,  Pz.  g;  (3)  Pr.  annillata,  Kyi.  ^,  all  three  sucking.  B.  Diptera— 
(a)  SyrphtdiE  :  (4)  Eristalis  arbuetorum,  L.,  fp.  and  Lh,  ;  (h)  Mutfida:  (&) 
Lucilia  comicina,  F.,  l.h. ;  (6)  MilU>gramma  punctata,  Mgn.  C.  Coleopteni — 
Dermeilldir :  (7)  Anthrenua  piiupinellffi,  F.  On  the  Alps  I  have  found  the 
plant  viBitwl  by  seven  species  of  Coleoptera,  three  Diptera,  two  Hymenoptera, 
and  one  butterfly  (609). 
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Every  inBoreacence  bears,  besides  the  proterandrous,  androgynous 
flowers,  numerous  male  floweis  which  mostly  develop  later,  and 
are  of  obvious  service  in  this  marked  case  of  proterandry  in 
iertilising  the  last  of  the  androgynous  flowers. 

AetraiUia  minor,  L.,  is  both  andromonacious  and  androdioecious. 
The  plant  bears  as  a  rule  only  one  umbel,  which  usually  consists 
of  male  flowers  surrounded  by  hermaphrodite  flowers ;  the  weaker 
plants  usually  bear  an  umbel  consisting  only  of  male  flowers. 


r  m  lUll  beBl  d<    _     

_— Kiln  llowBP  Bttbc  mlddl*  of  its  Bowcring-pnlod.  All  8*1 
fane  diblKed  uil  aie  c«t«I  >lth  ]K>llen. 

S.— EmnMihrcKUta  flower  bKlDnlng  lo  eiisnd.  Two  uitlien  ti 
»x»»tlll  bmt  down  within  Itaftiwer.  The  itylM  protriKlr,  but  Ih 

«.— Hcnw|>bradlle  flower  in  lU  Hcood  (fcmilr)  itege.  All  th 
■trlMhtTtclongatMl,  ud  Ihsfr  lUgiBii  ur  mature. 

■w.aniT:  i,  Hpal ;  y,  ptUl ;  a,  ■ntliiT',  iti II  brut  down  wl 
•'.dtUo,  deblKed;  d,  ■tigrns,  Imputore;  «.  ditto,  Dutun. 


uam  hM  liKD  op.  but  Ita  ntlKi  hie  not  jrl 
1  frect  I  two  inlbm 


In  regard  to  tlie  <listribution  of  the  sexes,  tlie  condition  in 
Aiiraviia  minor  is  almost  the  same  as  in  Veratrum  album,  with 
this  exception,  that  in  Astrantia  minor  no  plants  occur  bearing 
only  hermaphrodite  flowers.  Veratriivt  athtm  exhibits  the  pas- 
sage from  proterandrous  androgyny  through  andronionoecism  i« 
androdicEcism  ;  Astrantia  minor,  with  similarly  proterandrous  litrni- 
aphrodite  flowers,  shows  only  the  passage  from  andromonoicisiii 
to  androdioecisni  (609). 
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Sanicida  airaprra,  L.,  is  andromoncecious.  Each  umbel  coutaios 
one  to  three  proteranilroiia  henna phnxlltc  flowers,  aurrounded  by 
ten  to  twenty  male  flowers  wliicb  develop  later.  Buth  kinds 
resemble  those  of  Asirantia  major  in  structure  (590, 1.). 


174.  CoNlCM  MACULATL'M,  L. — The  adjoining  figures  serve  to 
illustrate  a  peculiarity  of  the  Umballifers  not  well  displayed  in  the 
other  figures,  namely  the  very  alow  and  gradual  development  of 
the  flowers,  at  first  wholly  male,  and  later  wholly  female. 

Fig.  1  represents  a  flower  beginning  to  expand,  but  still  far 
below  its  full  size.  The  anther  a'  has  dehisced  and  is  covered  wiUi 
pollen ;  a*  is  on  the  point  of  dehiscence ;  tho  other  three  are  not 


yet  ripe;  o*  is  more  ativanced  than  a* ;  and  d.*,  the  most  backward, 
is  still  curled  inwards  :  no  trace  of  styles  is  yet  to  be  seen. 
anther  stands  at  a  distance  of  two-fifths  of  the  circumference  from  the 
preceding  one.  Tlie  second  figure  shows  a  sHglitiy  older  and  full- 
sized  flower,  in  the  middle  of  its  male  period.  The  anther  «'  is 
empty  and  withered ;  n*  is  half  shrivelled  and  has  still  a  slight 
dusting  of  pollen;  a'  has  just  dehisced  and  is  fully  coated  with 
pollen;  «*  is  on  the  point  of  dehiscing, — it  opened  while  the 
drawing  was  being  made;  n"  is  still  closed.  The  styles  are  still 
short  and  bent  inwards  with  undeveloped  stigmas.  Lastly,  the 
third  figure  shows  a  flower  in  its  second  stage :  the  anthers 
have  fallen  off;  the  styles  have  raised  thomstOves  erect;  a 
stigmatic  knob  has  been  developed  on  the  end  of  each  style. 

Even  this  notoriously  poisonous  plant  receives  abundance  of 
insect- visitors  whu  greedily  lick  up  its  honey. 
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Visitors:  A.  Diptera— (a)  Stratiomyidce :  (1)  Sargus  cuprarius,  L. ;  (b) 
JHutcidoi:  (2)  Odliphora  vomitoria,  L. ;  (3)  Lucilia  cornicina,  F.  ;  (4)  Scato- 
phaga  Btercoraria,  L. ;  (5)  Sepsis  sp.  B.  Coleoptera — (a)  Nitidulidce :  (6) 
Meligethes,  ab. ;  {b)  Dermestidce :  (7)  Anthrenus  pimpinellse,  F.  ;  (c)  Lamelli' 
comia:  (8)  Trichius  fasciatus,  L.  C.  Hymenoptera — (a)  Tenthredinidas :  {9) 
Nematus  vittatiis,  L.  ;  (10)  Several  undetermined  species  of  Tenthredo  ;  {b) 
lehneumonidcR :  (11)  Various  species;  (c)  SphegidcBi  (12)  Pompilus  trivialis, 
Kl.  9  ;  (d)  ApidcR:  (13)  Andrena  lepida,  Schenck,  (J.    See  also  No.  590,  i. 

175.  BuPLEURUM  FALCATUM,  L.  (Thuringia). — I  have  found 
the  dull-yellow  flowers  visited  only  by  flies  and  Hymenoptera. 

Visitors :  A.  Diptera — (a)  Syrpkid(e :  (1)  Syritta  pipiens,  L.,  very  ab.,  s. 
and  f.p.  ;  (2)  Eristalis  arbustoruiu,  L.,  s. ;  (3)  Pipizella  annulat-a,  Macq.,  s.  ; 
(b)  Bombylidas:  (4)  Anthrax  flava,  Hff8gg.,s.  B.  Hymenoptera — (a)  Ten- 
thredinidcB :  (5)  Hylotoma  rosarum,  F.,  s.  ;  (h)  VespidcB :  (6)  Polistes  gallica, 
L,  and  var.  diadema,  s. ;  (c)  IchneumonidoR :  (7)  Various  species,  a.  ;  {d)  ApidcR  : 
(8)  Halictus  interruptus,  Pz.  (J ,  s.     See  also  No.  590,  i. 

176.  Cabum  (Petroselinum)  sativum,  L. — The  visitors  are 
chiefly  flies. 

A.  Diptera — (a)  Syrphidcn:  (1)  Eristalis  arbustorum,  L.  ;  (2)  E.  sepulcralis, 
L. ;  (3)  HelophiluB  floreus,  L.  ;  (4)  Syritta  pipiens,  L.  ;  (5)  Xanthogramnia 
citrofasciata,  Deg.  ;  (b)  Muscidm :  (6)  Lucilia  comicina,  F.  ;  (7)  Cyrtoneura 
Himplex,  Loew  (determined  by  Heir  Winnertz) ;  (8)  Sarcophaga  camaria,  L 
B.  Hymenoptera — Apid(v  :  (9)  Sphecodes  gibbus,  L.  (J ,  s.     See  also  No.  590, 1. 

177.  Carum  carui,  L.  : — 

Visitors  :  A.  Diptera— (a)  Stratiomyidoi ;  (1)  Stratiomys  longicomis,  F.  ;  (2) 
(.'hn'somyia  formosa,  Scop.  ;  (b)  Syrphidte  :  (3)  Chrysotoxum  festivum,  L.  ;  (4) 
Pipizella  virens,  F.  ;  (5)  Melanostoma  mellina,  L.  ;  (6)  Pyrophaena  sp.,  s.  ;  (7) 
Syrphufl  ribesii,  L.,  s.  ;    (8)  Platycheirus  peltatus,  Mgn.  ;    (9)   Melithreptus 
taeniatus,  Mgn. ;  (10)  Eristalis  arbustorum,  L. ;  (11)  E.  horticola,  Deg. ;  (12) 
E.  aeneus,  Scop.  ;  (13)  Helophilus  floreus,  L.,  very  ab. ;  (14)  H.  pendulus,  L. ; 
(15)  Syritta  pipiens,  L.  ;  (r)  MnscidcB  :  (16)  Gymnosoma  rotundata,  L.  ;  (17) 
Echinomyia  fera,    L.  ;    (18)    Zophomyia  tremula,    Scop.  ;    (19)   Sarcophaga 
camaria,  L.,  and  albiceps,  Mgn.  ;  (d)  Bibicnido'. :  (20)  Bibio  hortulanus,  F. ; 
{e)    TtpuUdo".    (21)    Tipula,    l.h.     B.    Coleoptera— (a)    Curculionidce :    (22) 
Bruchus,  freq.  ;  (23)  Phyllobius  oblongus,  L.  ;  (6)  Malacodermala :  (24)  An- 
thocomus  fasciatus,  L.  ;  (25)  Telephorus  rusticus,  L.  ;  (c)  Chrysomelidce :  (26) 
Crioceris  12punctatA,  L.     C.    Hymenoptera — (a)   Tentkredinida  :  (27)  Hylo- 
toma femoralis,  Kl.  ;  (28)  H.  rosarum,  F.  ;  (29)  H.  ccerulescens,  F.  ;  (30)  H. 
enodis,  L.  ;  (31)  Selandria  serva,  L.  ;  (32)  Atlialia  spinarum,  F.  ;  (33)  Ten- 
thredo tricincta,  F.  ;  (34)  T.  bifasciata,  L.,  etc.  ;  (35)  Dolerus  eglanteria*,  F.  ; 
(36)   Cimbex  sericea,  L. ;   (37)  Cephus  troglodytes,   L.  ;   (b)  Ichneunwmd(r  : 
(38)  Numerous  species  ;  (c)  Sphegidie  :  (39)  Cemonus  unicolor,  F.,  freq.  ;  (40) 
Gon-tes  campestris,  L.  (J  ;  (41)  Crabro  lapidarius,  Pz.  ?  ;  (42)  Cr.  pterotus, 
F.  (J  ;  (43)    C*r.  vagabundus,  Pz.    ?  ;  (d)  Ajnda' :   (44)   Prosopis  brevicornis, 
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NyL  (J  ;  (45)  P.  a.mnmniB,  NyL  ^ ;  {48)  Halirtiu  iMcnIatiw,  Smith,  9,  e.. 
freq.  ;  (47)  H:  M3noUlu^  K,  ?,  e  p.  ;  (48)  H.  albipea,  F.  9.  f.p. ;  (49)  An- 
(Itena  nignuenea,  E.  $,  i.  ;  (50)  A.  albicAiu,  K.  ?  ^,  >. ;  (51)  A  paonla,  K., 
■.andcp. ;  (52)  A  fnlvicrtu,  K.  ?,b.  ;  (53)  A  nana,  K.  ({.(..uid  A  miuululn. 
K.  S,  e.  D.  Lepidf.ptera— rineufa:  (54)  Adeln,  s.  E.  Keiiroptera— (55) 
Bulu  lulatia,  L.     S««  alw)  No.  59^  i.,  bihI  No.  609. 

178.   SlL"M   LATIFOLIUM,   L.  :— 

A.  Uiptera— (a)  Emplda  :  (1)  Empwop.  ;  (fc)  Dolichopidtr  :  (2)  Dolithopiut 
KneiiK,  Dt^  J  (c)  Sgrphida:  (3)  Syrphas  ritfetii,  L.  ;  (4)  Erixtalb  nemunim. 
L.  ;  (5)  E.  arbuetoruiD,  L.  ;  (6)  E.  mieat,  Scop.  ;  (7)  Syritta  pipienn,  L.  ;  (8] 
UelophiluH  fluKOS,  L.  ;  (1^  Muieida:  lit)  MeiieiDbriDa  meridiima,  L.,  a.  ;  (lOj 
Lucilia  nlranun,  Hgn.  ;  (U)  L.  Caaar,  L.  ;  (12)  L.  comicina,  F.  ;  (13)  Hnsu) 
wrriaa,  F.  ;  (14)  Aricia  inuana,  WieiL,  rre<|. ;  (13)  Cyrtoneuia  timplex,  Loew  ; 
(16)  Calliphoni  vonttoria,  F,  [  (17)  Ocypleia  liramicaria,  F,  ;  (IS)  TeUuiocent 
ftTTUginea.  FaUeo  j  (1»)  Sepsu  up.  ;  (e)  Straliomsfiita :  (SO)  Stratiomya  riparia, 
Mgn.  B.  Coleopteni— (o)  iforddUda;  (21)  Mordella fa*ciatii,  K.  ;  (ft)  Mala- 
coderaiala  :  (22)  Telephonw  melamiiriui,  L.  ;  (c)  LameUicarnia  :  (23)  Tritkini' 
fiiBciatnH,  L.  C.  Hynienopters— (a)  Tatthrtdinida  :  (34)  Selandria  eerva,  F. ; 
(25)  Atbolia  nmiB,  L.  ;  {m)  Tenthredo  notha,  K1.  ;  (ft)  Ichneuntorada ;  (ST) 
Nnmeroiu  ipecie*  ;  (r)  Spkegiiia :  (28)  Crabro  dive»,  H.  Sch.  i ;  (89)  C. 
lapidiiritw.  Pi.  (J  5,  ftwi- ;  (30)  C.  pttrotna,  F.  J;  (31)  C  vagus,  L.  ^. 
D.  Uemiptera — (32)   A  small  ipeeieinif  ^nfftiiconV/ir, 

179.  jEoopodium  PodaoraRia.  L.— The  flowers  of  this 
common  weed  are  the  resort  of  very  numerouB  insects  of  various 
orders.     I  have  found  upon  them  : — 

A  Diptera — (n)  Stralionty'ulir :  (1)  Stralioniys  Chamtelcon,  Deg,  ;  (2)  Satgw 
cupniriiu,  It ;  (3)  CTirymnnyia  formosa.  Scop.  ;  (A)  Bombylida .-  (4)  Antfanx 
flava,  Mgn.  (Thnr.)  ;  (c)  Empida  .■  (5)  Empia  liWda,  L. ;  (6)  E.  pimctata,P. ; 
(d)  Thererida :  (7)  Thereva  oiiilii,  L.  ;  (»)  Doliehopida :  (8)  OynuiDptemue 
cluerophyUi,  Hgn. ;  (/)  Sifrpkida  :  (9)  Pipiiella  virens,  F.  ;  (10)  Clir^BOgaater 
riduata,  F.  ;  (11)  Ch.  i^tsDieterionim,  L.  ;  (12)  Ch.  chalybeatA,  Hgn. ;  (13) 
Byrphuii  pynwtri,  L.  ;  (14)  S.  rilwiit,  L.  ;  (!.■))  S.  nitidkullu,  Mgn. ;  (16) 
MelitlreptuB  tamiatan,  Mgn.  ;  (17)  V<.lnce1h  pelliicena,  L.  (Tekl.  B.) ;  (IB) 
Emtalia  arboxtoruni,  L.  ;  (19)  E.  neniorDm,  L.  ;  (90)  Helopbilua  floreiM,  L., 
ab.  ;  (21)  Syritta  pipieu*,  L.,  freq.  ;  (r/)  Muicida  :  (28)  Echinomyta  fera,  L. ; 
(23)  Znphoniyiatretiiti]a,Scop.  ;  (!4)  Sarcnpha^ albicana, Mgn.  ;  (35)  Lndlu 
comicina,  F,  ;  (26)  L,  silvanim,  Mgn.,  elc  ;  (27)  Miiwa  corvina,  F.  ;  (siS)  ArieU 
ubKurata,  Hgn.  ;  (20)  Species  of  Anthomyia  ;  (30)  Scatophi^^  ^lercoraiu,  L. ; 
(31)  S.  merdaria,  F.  ;  (32)  Sepsiii,  ab.  ;  (A)  Tt/iulida:  (33)  Pachyirfum 
hiirtrio,  F.  ;  (34)  P.  crowta,  L.  B.  Coleoplera— (a)  miidalida;  (36)  Cych- 
ramua  lutena,  F.  (TekL  B.)  ;  (b)  Dcrmatidir .-  (36)  Anthrennt  pimpinella^  F.  i 
(c)  Lamrllironu'a :  (37)  Pliyllopertha  horticola,  h. ;  (36)  Celonia  aiirata,  L. ; 
(3»)  Trichiuf!  faBciatmi,  L.  ;  (d)  EkiUrida .-  (40)  Agriote*  aterrimiu,  L. ;  (41) 
Lncon  muriniu,  L.  ;  (42)  Athous  nigtr,  L.  ;  (e)  Matacodeniiala  :  (43)  lil*. 
pliurun  faiiciiB,  L.  ;  (44)  Maltu'liiun  bipiietulatiix,  F.  ;  (45)  Diu'yt<«flavipes,F.  ; 
(4«)  Trichoilvn  Bpiariue,   L.  ;   {/)   Ciileiidir  :    (47)    Cirteln   miirina,  L,  ;   (p) 
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MorddlidcR .  (48)  Anaspis  rufilabris,  Gylh.  ;  (49)  A.  frontalis,  L. ;  (50) 
Mordella  fasciata,  F.  ;  (51)  M.  aculeata,  L.,  very  ab.  ;  {h)  Curculionidce :  (52) 
Spermophagus  cardui,  Schh.  ;  (t)  Cerambycid^B :  (53)  Pachyta  octomaculata, 
F.  (TekL  B.) ;  (54)  Leptura  livida,  F.  ;  (55)  Grammoptera  ruficomifl,  Pz. 
C.  Hymenoptera — (a)  Tenthredimda :  (56)  Hylotoma  femoralis,  Kl. ;  (57) 
H.  rosaruin,  F. ;  (58)  H.  ustulata,  L.  ;  (59)  H.  vulgaris,  KL  ;  (60)  Selandiia 
serva,  F.,  ab.  ;  (61)  Tenthredo  bifasciata,  L. ;  (62)  T.  flavicornis,  L.  ;  (63)  T. 
notha,  KL,  ab. ;  (64)  T.  atra,  KL  ;  (65)  T.  sp.  ;  (66)  Cimbex  sericea,  L.  ;  (6) 
Ichneumonidas :  (67)  Numerous  species  ;  (r)  Evaniadce :  (68)  Foduus  afFectator, 
F.  (Thur.) ;  (69)  F.  jaculator,  F.  (Thur.)  ;  {d)  Chrytddoi :  (70)  Hedychrum 
lucidulum,  F.  (J,fTeq.  ;  («)  Sphegidce :  (71)  Crabro  sexcinctus,  v.  d.  L.  ^ 
(Thur.)  ;  (72)  Cr.  cephalotes,  H.  Sch.  i  (Thur.) ;  (73)  Cr.  lapidarius,  Pz.  ?  ; 
(74)  Cr.  vagus,  L.  ?  ;  (75)  Oxybelus  bipunctatus,  01.  i  ;  (76)  O.  bellicosus,  01. 
cJ,  freq. ;  (77)  0.  bell  us,  Dlb.  $;  (78)  0.  uniglumis,  L.,  very  freq. ;  (79) 
PhilanthuB  triangulum,  F.  ;  (80)  Cerceris  variabilis,  Schr.  $  $ ,  not  rare  ;  (81) 
Gorytes  campestris,  L.  ?  (J ,  not  rare  ;  (82)  Hoplisus  laticinctus,  Lep.  ?  (Thur.) ; 
(83)  Pompilus  niger,  F.  ?  (TekL  B.) ;  (84)  P.  spissus,  Schi,  ?  ;  (85)  P. 
neglectus,  Wesm.  $  (Thur.)  ;  (86)  Myrmosa  melanocephala,  F.  J  ;  (/)  Ves- 
pidoR :  (87)  Odjmerus  quinquefasciatus,  F.  ?  ;  (88)  O.  elegans,  F.  ?  ;  (^) 
Apida :  (89)  Prosopis  communis,  NyL  i ;  (90)  P.  clypearis,  Schenck,  (J 
(Thur.)  ;  (91)  Halictus  albipes,  F.  ?  ;  (92)  H.  cylindricus,  F.  ?  ;  (93)  H. 
minutus,  K.  ?  ;  (94)  Andrena  parvula,  K.  ?  (J  ;  (95)  A.  albicrus,  K.  ?  ;  (96) 
A  helvola,  L.  ?  <J ,  c.p.  and  s.  ;  (97)  A.  fulvago,  Christ.  ? ,  c.p.  ;  (98)  A. 
proxima,  K.  ? ,  h.  and  c.p. ;  (99)  A.  albicans,  K.,  s. ;  (100)  A.  pilipes,  F,  (J , 
8.  ;  (101)  A.  dorsata,  K.  ? ,  c.p. ;  (102)  A  fucata,  Sm.  ? ,  s. ;  (103)  Apis 
mellifica,  L.  ? ,  c.p.     D.  Neuroptera — (104)  Pauorpa  communis,  L. 

180.  PiMPiNELLA  MAGNA,  L. — I  have  had  very  little  oppor- 
tunity of  observing  this  species,  and  I  have  only  noticed  the 
foUovdng  insect-visitors  in  Low  Germany. 

Apidce ;  (1)  Andrena  parvula,  K.  ?,  s.  and  c.p.  ;  (2)  A.  Rosae,  Pz.  (J,  s. 


In  the  subalpine  region  of  the  Alps  it  usually  bears  only 
pinkish  flowers  (P.  magna,  /3  rosea,  Koch  =  P.  rubra,  Hoppe),  wliich 
circumstance  may  be  attributed  to  the  more  intense  action  of 
light  in  this  region.  I  have  found  the  pink  variety  on  the  Alps 
visited  by  six  species  of  beetles,  seven  flies,  two  Hymenoptera,  and 
one  butterfly  (609). 

181.   PlMPINELLA   SAXIFRAGA,    L.  : — 

Visitors :  A.  Diptera— (a)  Tahanidce :  (1)  Tabanus  mieans,  M^'u.  ;  (2) 
Cbrysops  ccecutiens,  L. ;  (6)  Asilidoi:  (3)  Isopogon  brevirostris,  Mgn.  ;  (r) 
SyrphtdcR:  (4)  Syrjihus  nitidicollis,  Mgn.  ;  (5)  S.  pyrastri,  L.  ;  (G)  Eristalis 
horticola,  Mgn.  ;  (</)  Conopida :  (7)  Conops  4-fa8ciata,  Deg. ;  (e)  Tipuliflo  : 
(8)  Pachyrrhina  crwata,  L.  B.  Coleoptera — (a)  Malacodemmta :  (J))  Tele- 
pbonis  melanunis,  F.  ;  (10)  Dasytes  flavipes,  F.  (Thur.)  ;  (h)  Ceramhifcida'  : 
(U)   Pachyta  octomaculata,  F.,  ab.    (Sid.)  ;  (c)   Chry8omelid(w :  (12)   Clytlirji 
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affinity  between  them.  Two  stamens  and  the  single  style  project, 
diverging  from  one  another,  from  the  middle  of  the  erect  corolla; 
they  form  the  platform  on  which  an  insect  must  stand  to  reach 
the  honey,  which  is  secreted  hy  a  fleshy  ring  surrounding  the  base 
of  the  style  and  is  Iodgp(i  in  great  abundance  in  the  base  of  the 
flower.  Since  the  style  stands  a  little  lower  than  the  two  stamens 
and  projects  a  little  further  forward,  it  forms  the  most  convenient 
alighting-place,  and  is  that  most  usually  selected.  When  an 
insect  settles  on  it,  it  touches  with  its  ventral  surface  the  stigmatic 
knob   at  the   end.     As  it  stretches  forward,  and  grasps   with  it.^ 


forefeet  the  bases  of  the  two  stamens,  which  are  the  only  available 
supports,  it  involuntarily  draws  the  stamens  {which  are  very  thin 
at  their  base,  and  therefore  easily  moved)  inwards  and  downwards, 
so  that  the  anthers  dust  the  "under  surface  of  its  body  with  pollen. 
Though  this  is  apparently  "the  simplest  course  which  an  insect 
can  take,  and  that  which  most  surely  leads  to  cross-fertilisation,  it 
is  not  the  only  one.  The  insect  not  iin frequently  alights  upon 
one  of  the  stamens,  and  as  this  bends  downwards  it  grasps  the  base 
of  the  same  stamen  and  of  the  style  with  its  forefeet.  If  the  style 
now  brings  its  stigma  in  contai't  with  the  ventral  surface  of  the 
insect,  as  is  usually,  but  not  always,  the  case,  it  touches  the  side 
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opposite  to  that  which  the  anther  touches  at  the  saiuo  t4iuo  ;  au^i 
so  cross-fertilisatioii  mav  result  if  tlie  iudeot  luis  c\^nio  fn^iu  aiu^thov 
flower. 

In  absence  of  insects,  the  flowers  mostlv  wither  witlunit  jH^lf 
fertilisation  taking  place,  as  I  have  ol^servoil  in  s)HHMn\ouH  in  utv 
room.     I  have  found  a  few  flowers  in  which  the  stijifiua,  iiiMtond  \\( 
being  directed  obliquely  downwards  between  tlie  two  At^iuiouH.  wi^ 
in  contact  with  one  of  them  from  tlio  beginning. 

The  only  visitors  that  I  have  seen  are  nuiall  flioM  wltioh  Ih^UuvihI  in  tho 
manner  described.  I  have  coUectetl  (a)  <Syry>Au/<P ;  (1)  liuochn  rlougntu,  R  \ 
(2)  Ascia  podagrica,  F.  ;  (3)  Melanostoma  inellino,  L.  ;  (^)  Mum^ith  :  {\) 
Anthomyia  sp.,  with  yellow  abdomen.  Several  other  Hiuall  Mui«(*t(hi«  and 
Syrphidse  escaped  me. 

On  a  bunch  of  Circeea  lutetiana  which  I  kept  in  agliuw  of  water  in  my  rtMun, 
I  found  a  great  number  of  house-flieH :  (A)  Munra  dianeHtini,  L.,  sticking  hoiii\v 
and  fertilising  the  flowers. 


Cajophora  lateriiia  is  distinctly  protoruiKlroUH,  iwvartVum  in 
Delpino.  In  the  first  period  the  anthers,  which  lie  in  fivn  iMitMlli'fi 
in  the  hollow  and  outspread  fietals,  rise  up  olio  by  oni%  \h*w\ 
inwards  towards  the  middle  of  the  flow<fr,  and  pasn  hwk  utUt  thnir 
old  position  after  giving  up  their  [xdlon  ti>  iiiM^clH.  With  ihi'iw^  flv*i 
bundles  there  alternate  five  grou[M  each  c:oiitairiiri)(  fiv<;  umiutuor 
phosed  stamens;  in  each  of  these  latU.'r  groufm  th<;  thn;«;  trtiU^rmtmi 
staminodes  cohere  and  form  in  their  ex[iarid^;^i  \mP4',  a  hout^y  n!/'«r|f« 
tacle,  while  the  two  inner  ones  incline  sm  niiflf  rtMln  Utwsttth  th** 
middle  of  the  flower,  and  their  bas^.-s,  exjianded  »ri/l  friu^"A  wifh 
hairs,  give  .shelter  to  the  honey,  AfUrr  the  antherx  hav^  all  wiih^'f ^'1, 
the  pistil  grows  up  and  unfolds  iu  Kti^rrna, 

In  the  first  j^rio^I  the  in.*^:ct^  cliu^  Uf  the  rr^mtr^l  Uitl  of 
stamens ;  in  the  second,  to  the  stifT  u^*ifs^Uif^f^9f^•A  ffroi/^ih*', 
staminf:>die^.  TTie  frrtili,aer?i  Vr^rn  to  1;*:  li^-^-^.  */'///rdir»/  fo  h*-\fAt,o 
^177  ,  TliLs  L*  in  dir^X  ftf>Xitr^\r-:t\f,fi  u,  Tr*'vir;»r.f>/  't\f-^>  *K;*^  *f*- 
ll..»wi=-r«  '*f  ^'^j*'i  ^' ' ■'^'■/  ^fr  *•■': I f- f^Tt i ! i >i r. 'j   J  X2 

who  r»^r«r:i:^^^i  ''  ^^  ^  rr'Tr-ra-fj^.- ,»•..♦  r'.rr.'.  ..*.   y:..cr.  "(.*■  <■.-'.'•''    -. 
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octomaculata,  F.  (Thur.) ;  (45)  Grammoptera  lurida,  F.  (Tekl.  B.)  ;  (46)  G. 
raficomis,  F.  C.  Hymenoptera — (a)  Tenthredinuias :  (47)  Hylotoma  femoralis, 
EL  (Thur.)  ;  (48)  Macrophya  neglecta,  Kl. ;  (49)  Tenthredo  notha,  KL  ;  (50) 
T.  rapjo,  Kl. ;  (51)  T.  annulata,  F.  ;  (52)  T.  rustica,  L.  ;  (53)  T.  sp. ;  (54) 
Selandria  serva,  F.  ;  (55)  Atbalia  rosse,  L.  ;  (56)  Dolerus  cenchris,  Htg.  ;  (57) 
Nematus  vittatus,  Lep. ;  (58)  N.  myosotidis,  F.  ;  (b)  Ichneumanidas :  (59) 
Various  species ;  (c)  FwmicidcR :  (60)  Various  species  ;  (rf)  Sphegidcs :  (61) 
Crabro  sexcinctus,  v.  d.  L.  (J ;  (62)  Cr.  cephalotes,  H.  Sob.  ^  (Tbuv.) ;  (63) 
Hoplisus  laticinctus,  Lep.  $  (Thur.)  ;  (64)  Pompilus  neglectus,  Wesm.  $ 
(Thur.)  ;  (65)  P.  viaticus,  L.  2  ;  («)  Vespidce :  (66)  Odynerus  elegans,  H.  Sch. 
9  (Tekl.  B.) ;  (/)  Apidce :  (67)  Halictus  Smeatbmanellus,  K.  $  ;  (68)  Andrena 
paiYulay  K.,  8.  and  c.p.  ;  (69)  A.-Colliii80iiiana,  K.  $  ;  (70)  A.  fucata,  Sm.  ?  ; 
(71)  Apis  mellifica,  L.  § ,  c.p.  D.  Neuroptera — (72)  Sitdis  lutaria,  L.  ;  (73) 
Hemerobius  sp.     See  also  No.  590,  i. 

186.  Anthriscus  Cerefolium,  Hoflfm. : — 

Visitors  :  A.  Biptera — (a)  Syrphidce :  (1)  Eristalis  arbustorum,  L. ;  (2) 
E.  nemorum,  L.  ;  (3)  Syritta  pipiens,  L.  ;  (b)  Mttscidce :  (4)  Gymnosoma 
rotundata,  L. ;  (5)  Exorista  vulgaris,  Fallen ;  (6)  Sarcophaga  haBmarrhoa, 
Meigen  (determined  by  Heir  Winnertz) ;  (7)  S.  dissimilis,  Mgn.  (do.)  ;  (8) 
Cyrtoneura  simplex,  Loew.  (do.)  ;  (9)  Anthomyia  radicimi,  L.  (do.)  ;  (10)  Sepsis 
sp.,  l.h.  ;  (c)  Bihionidce :  (11)  Bibio  hortulanus,  F.  B.  Coleoptera — (a)  Niti- 
duUda:  (12)  Meligethes,  very  ab.,  l.h.,  also  pairing  on  the  flowers;  (6) 
Dermestidce :  (13)  Anthrenus  pimpinellae,  F.  ;  (14)  A.  scrophulariae,  L.,  both 
ab.,  Lh.  ;  (c)  Malacodermata  :  (15)  Anthocomus  fasciatus,  L  ;  (16)  Malachius 
aeneus,  F. ;  {d)  Mordellida :  (17)   Anaspis  frontalis,  l.h.  ;  (c)   Cerambyddas : 

(18)  Grammoptera  ruficomis,  F.,  l.h.     C.  Hymenoptera— (a)  Ichneumonida : 

(19)  Numerous  species  ;  {b)  FormicidiB :  (20)  Several  species ;  (c)  Sphegidoe : 
(21)  Oxybelus  uniglumis,  L.,  ab.  ;  (22)  Pompilus  pectinipes,  v.  d.  L.  ^ ; 
(23)  P.  spissus,  Schi.  ;  {d)  Apidet :  (24)  Prosopis  communis,  Nyl.  ^  ;  (25)  P. 
annillata,  Nyl.  2  ;  (26)  Apis  mellifica,  L.  § ,  c.p. 

187.  (Enanthe  fistulosa,  L.  :— 

Visitors  :  A.  Diptera — ia)  Stratiomyidce :  (1)  Stratiomys  Chamseleon,  Deg.  ; 

(b)  Empid<B :  (2)  Empis  livida,  L.  ;  (3)  E.  rustica.  Fallen  ;  (c)  Leptidce :  (4) 
Antherix  ibis,  L. ;  (d)  Syrphidce :  (5)  Syritta  pipiens,  L.  ;  (6)  Eristalis 
nemorum,  L.  ;  (7)  E.  arbustorum,  L.  ;  (8)  E.  sepulcralis,  L.  ;  (9)  Various 
species  of  Lucilia,  all  sucking.  B.  Coleoptera — Lamellicomia :  (10)  Trichius 
fasciatus,  L.  C.  Hymenoptera — Apidce:  (11)  Macropis  labiata,  Pz.  (J,  s.  ; 
(12)  Heriades  truncorum,  L.  9,8.;  (13)  Prosopis  sp.     See  also  No.  590,  i. 

188.  (Enanthe  Phellandrium,  Lam. : — 

Visitors  :  A.  Diptera — (a)  Straiiomyidce :  (1)  Odontomyia  viridula,  F. ;  (b) 
SyrphidoB :  (2)  Syritta  pipiens.  L.  ;  (3)  Eristalis  arbustorum,  L.,  and  others  ; 

(c)  MuscidcB :  (4)  Lucilia  cornicina,  F.  ;  (5)  Aricia  vagans.  Fallen  ;  (6) 
Cyrtoneura  curvipes,  Mac^j.  (determined  by  Herr  Winnertz)  ;  all  sucking  ;  (rf) 
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MyeetophiUda :  (7)  Sciara  Thomae,  L.  B.  Coleoptera— (a)  ChryunmeUdte : 
(8)  Helodes  Phellandrii,  L,  devouring  whole  umbels  down  to  the  peduncle  ; 
(6)  Cerambyeida :  (9)  Leptura  li\ida,  L.,  ab.,  licking  the  fleshy  disk ;  (r) 
Elaterida:  (10)  Adrastus  pallens,  Er.  C.  Hymenoptera — (a)  Tmthredinida  : 
(11)  Athalia  rosae,  L.  ;  (12)  Tenthredo  sp.  ;  {h)  Ichneumonida :  (13)  yarioos 
species;  (c)  Sphegida :  (14)  Tiphia raficomis,  K.  ;  (15)  Oxybelus bipunctatus, 
OL  9  ;  (16)  Pompilus  \Taticu8,  L.  ;  (17)  P.  trivialis,  Kl.  9  ;  (rf)  Apidce  :  (18) 
Pposopis  yariegata,  F.  ^ ;  (19)  Sphecodes  gibbuis  L.  cJ  •  I>.  Lepidoptera — 
(20)  Vanessa  C-album,  L. 

189.  SiLAUS  PRATENSis,  Bess. — I  can  only  mention  the  follow- 
ing as  fertilisers  of  this  species,  which  I  have  had  few  opportunities 
of  observing  :— 

Hymenoptera — {a)  Tenihredinida; :  (1)  Tenthredo  notha,  KL  ;  (b)  Sphegida  : 
(2)  Pompilus  viaticus,  L.  ^ ,  l.h.  ;  {r)  Aputtr :  (3)  Halictus  longulus,  Sm.  ^ ,  s. 

190.  Angelica  silvestris,  L.  : — 

Visitors :  A  Diptera — (a)  Syrphidof :  (1)  Syritta  pipiens,  L. ;  (2)  Helo- 
philus  floreus,  L,  ;  (3)  Eristalis  pertinax.  Scop.  ;  (4)  Pipizella  virens,  F. ;  {b) 
Muscida  :  (5)  Tachina  praepotens,  Mgn.  (determined  by  Herr  Winnertz)  ;  (6) 
Echinomyia  fera,  L. ;  (7)  Mesembrina  meridiana,  L.  ;  (8)  Scatophaga  stercoraria, 
L. ;  (9)  S.  merdaria,  F.  ;  (10)  Lucilia  silvamm,  L.  ;  (11)  Sarcophaga  sp.  B. 
Coleoptera — (a)  Dermegtidce :  (12)  Anthrenus  pimpinellae,  F.  ;  (b)  Lamelli- 
comta :  (13)  Trichius  fasciatiis,  L.,  I.Il  ;  (c)  Malacodertnata :  (14)  Telephorus 
melanurus,  L.  ;  (d)  Coccinellid(f :  (15)  Coccinella  7-punctata,  L.,  s.  ;  (16)  C. 
14-pimctata,  L.,  s.  ;  («)  NitiduUdce :  (17)  Meligethes,  ab.  C.  Hymenoptera — 
(a)  Tenthredinidm :  (18)  Athalia  rosae,  L.  ;  (19)  Species  of  Tenthredo;  (6) 
Ichneurnonidce :  (20)  Various  species  ;  (c)  Evaniadce  :  (21)  Fa?nu8  afFectator,  F.  ; 
{d)  Sphegidce :  (22)  Crabro  lapidarius,  Pz.  $  ?  (Thiir.),  ab. ;  (23)  Philanthus 
triangulum,  F.  ;  {e)  Ve«pidce :  (24)  Od^Tierus  sinuatus,  F.  ?  ;  (25)  O.  debili- 
tatus,  Sauss.  ;  (26)  Vespa  rufa,  L.  ^ ,  s.  ;  (/)  Apidce :  (27)  Species  of  Pro- 
sopis,  s.  ;  (28)  Andrena  pilipes,  F.  9,8.  D.  Lepidoptera — (29)  Argynnis 
Paphia,  L.  (Willebadessen)  (s.  ?)  E.  Nenroptera — (30)  Panorpa  communis,  L., 
l.h.     See  also  No.  590,  i.,  and  No.  609. 

191.  Peucedanum  Cervaria,  Lap. — On  the  slope  of  the 
Rehmberg,  near  Miihlberg  in  Thuringia,  a  locality  rich  in  rare 
plants,  I  found  on  the  last  sunny  days  in  August,  1869,  the  following 
in.sects,  many  of  them  rare,  upon  this  still  rarer  Umbellifer  : — 

A.  Diptera— (a)  Domhylidce :  (1)  Anthrax  maiira,  L.  ;  (6)  Mu8cid(c :  (2) 
Phasia  crassipennis,  F.,  ab.  ;  (3)  Ph.  analis,  F.,  scarce  ;  (4)  Gymnosoma 
rotundata,  L.,  very  ab.  B.  Coleoptera— (a)  ChrysomeVidw :  (5)  Clythra 
Bcopolina,  L. ;  {b)  CerambyddcE  :  (6)  Strangalia  bifasciata,  Midler.  C.  Hvmen- 
optera— (a)  Chrygida :  (7)  Hedychrum  lucidulum,  F  cJ  2  ;  (b)  Sphegidce  : 
(8)  Crabro  vagus,  L.  ?  ;  (9)  Cr.  cribrarius,  L.  (J  ?,  ab.  ;  (10)  Nysson  macu- 
tliB,  V.  d.  L.  9  ;  (11)  Tachytes  unicolor,  Pz.  ?  ;   (12)  T.  pcctinipes,  v.  d.  L 
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$  ;  (13)  Ammophila  sabulosa,  L.  ;  (14)  Psammopliila  viatica,  L.  ^ ;  (15) 
Pompilus  viaticus,  L.  $ ;  (16)  Priocnemia  bipunctatus,  F.  $  ;  (17)  Pr.  obtusi- 
ventrifl,  Schiudte,  ?  ;  (18)  Ceropales  maculata,  F.  9  ;  (19)  0.  variegata,  F. 
?  i\  (20)  Tiphia  femora ta,  F.,  very  ab.,  all  licking  Tioney  ;  (c)  Vespidce: 
(28)  Polistes  gallica,  L.,  and  var.  diadema ;  {d)  Apidce :  (22)  Prosopia 
variegata,  F.,  s.  ;  (23)  Halictus  leucozonius,  Schrk.  (J  ?,  a.  and  cp. ;  (24) 
H.  quadricinctus,  F.  9,8. ;  (25)  Andrena  minutula,  K.  9 »  freq.,  cp.  ;  (26) 
Megachile  lagopoda,  Pz.  ? ,  once,  sucking. 

It  is  a  remarkable  fact  that  this  scarce  Umbellifer  is  visited  by 
a  choice  collection  of  rare  insects,  while  the  most  common  visitants 
are  absent.  I  do  not  think  that  this  is  due  to  a  special  taste  of  its 
honey,  but  I  suppose  that  the  same  conditions  necessary  for  the 
plant's  existence  are  also  favourable  to  special  insects. 

192.  Peucedanum  (Anethum)  graveolens,  L. — The  dirty- 
yellow  flowers  of  this  plant  are,  like  those  of  Bupleurum,  visited 
by  Diptera  and  Hymenoptera,  but  far  more  plentifully  and 
by  a  greater  variety  of  forms,  owing,  doubtless,  to  the  strong 
odour  of  the  flowers.  No  species  of  beetle  occurs  among  the  very 
numerous  visitors. 

Visitors:  A.  Diptera— (a)  Stratiomyidce :  (1)  Chrysomyia  formosa,  Scop., 
8.  ;  (/>)  Bombylidce :  (2)  Anthrax  niaura,  L.  (Thur.) ;  (c)  Syrphid€e :  (3) 
Cheilosia  scutellata.  Fallen  ;  (4)  Syrpl  us  pyrastri,  L.,  sucking,  as  also  were  the 
following :  (5)  Eristalia  arbustorum,  L.  ;  (6)  E.  nemorum,  L.;  (7)  E.  sepulcralis, 
L.  ;  (8)  E.  tenax,  L.  ;  (9)  Syritta  pipiens,  L.  ;  (d)  Muscidtc :  (10)  Gymnosoma 
rotundata,  L.,  ab.  ;  (11)  Lucilia  comicina,  F.  ;  (12)  Musca  corvina,  F.  ;  (13) 
Cyrtoneura  simplex,  Loew.,  and  curvipes,  Macq.,  the  last  two  identified  by  Herr 
Winnertz;  (14)  Sepsis, ab.;  (e)  TipulidiB :  (15)  Tipula  sp.  B.  Hymenoptera  : 
(a)  Tenthredinidce  :  (16)  Several  species  of  Tenthredo  ;  {b)  Ichneumonidee :  (17) 
Numerous  species  ;  (r)  Evaniadit :  (18)  Foenus  affectator,  F.  ;  (19)  F.  jaculator, 
F.  (Thur.)  ;  {d)  Formit'idte :  freq.  ;  (e)  Chrysidw :  (20)  Hedychrum  lucidu- 
lum,  F.  ?  (J,  freq.  ;  (21)  Chrysis  ignita,  L.  ?  ;  (22)  Chr.  bidentata,  L.  ?  ; 
(/)  Sphegidce:  (23)  Crabro  sexciuctus,  v.  d.  L.  (J  (Tliur.)  ;  (24)  Cr.  vexil- 
latus,  Pz.  ?  (Thur.)  ;  (25)  Cr.  podagricus,  H.  Sch.  ?  (Thur.) ;  (26)  Cr.  denti- 
crus,  H.  Scb.  ;  (27)  Cr.  Wesniseli,  v.  d.  L.  £  \  (28)  Oxybelus  uniglumis,  L., 
ab.  ;  (29)  Tripoxylon  clavicerum,  v.  d.  L.  ?  ;  (30)  Cemonus  unicolor,  F.  ?  ; 
(31)  Tacytes  pectinipe-s  L.  ?  (Thur.)  ;  (32)  Psen  atratus,  Pz.  ?  $  (Thur.) ; 
(33)  Pompilus  cinctellus,  v.  d.  L.  9  ;  (34)  P.  neglectus,  Wesm.  ?  (Thur., 
July  14,  1870  !)  ;  (35)  Tiphia  femorata,  F.  ^  ;  (36)  Myrmosa  melanocephala, 
F.  (Thur.,  July  14,  1870  !)  ;  {(f)  Vespidce :  (37)  Odynerus  parietum,  L.  ;  (38) 
().  debilitatus,  Sauss.  ;  (39)  Eumenes  pomiformis,  L.  $  ;  (40)  Polistes  gallica, 
L.  (Thur.)  ;  {h)  Apidce :  (41)  Prosopis  sinuata,  Schenck,  ^  ?  (Thur.) ;  (42) 
Pr.  communis,  Nyl.  ?  ^  (Tekl.  B.)  ;  (43)  Pr.  armillata,  Nyl.  ^  (Tekl.  B.)  ; 
(44)  Sphecodes  gibbus,  L.  (J  ? ,  ab.  ;  (45)  Andrena  parvula,  K.  ? ,  cp.  ;  (46) 
A.  dorsata,  K.  9 ,  cp. 
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193.  Peucedanum  (Pastinaca)  sativum,  L.  (Thuringia) : — 

Visitors  :  A.  Diptera — (a)  BomhylidcB :  (1)  Anthrax  flava,  Hffagg.,  Lh.  ; 
(b)  Syrphidce :  (2)  Chrysotoxum  bicinctum,  L.  ;  (3)  Syritia  pipiens,  L. ;  (c) 
MvLsdda :  (4)  Dexia  mstica,  F. ;  (5)  Onesia  sepulcralis,  Mgn. ;  (6)  LnciUa 
silvamm,  Mgn. ;  (7)  Sarcophaga  camaria,  L.  B.  Hymenoptera — (a)  Tenthre- 
dinidoi :  (8)  Several  species  of  Tenthredo ;  {h)  Ichneumonidte :  (9)  Xumerous 
species  ;  (c)  Sphegidat :  (10)  Crabro  sexcinctus,  v.  d.  L.  (J  ;  (11)  Tiphia  femo- 
rata,  F. ;  (12)  Mutilla  europaea,  L.  ?  ;  (<f)  Vespida :  (13)  Polistes  gallica,  L., 
and  var.  diadema  ;  (14)  Odynerus  parietum,  L.  (J .     See  also  No.  590,  i. 

So  the  dull  yellow  flowers  of  this  plant,  like  those  of  Bvpleurum 
and  Anethum,  are  visited  only  by  Diptera  and  Hymenoptera,  not 
by  Beetles. 

194.  Heracleum  Sphondylium,  L.  : — 

Visitors  :  A.  Diptera— (a)  Bomhylidas :  (1)  Anthrax  flava,  Hff.  (Sid.  Tekl. 
B.)  ;    {h)  EmptdcB :   (2)  Empis  livida,  L.  ;   (c)    AsilidcB :   (3)  Dioctria  Rein- 
hardi,  Wied.,  ab.    (Sid.)  ;    (d)   Syrphida:    (4)  Chrysotoxum    bicinctnm,  L. 
(Sid.) ;  (5)  Ch.  festivum,  L.  (Tekl.  B.)  ;  (6)  Pipizella  virens,  F. ;  (7)  P.  annn- 
lata,  Macq.  ;    (8)  Chrysogaster  viduata,  L.  ;    (9)    Cheilosia  scntellata,  Fall.  ; 
(10)  Syq)hus  glaucius,  L.  ;   (11)  S.   ribesii,  L.  ;    (12)  S.  pyrastri,  L. ;    (13) 
Melithreptus  menthastri,  L. ;   (14)  Ascia  podagrica,  F.  ;   (15)  Eristalis  tenax, 
L. ;   (16)  E.  nemorum,  L.  ;   (17)  E.  arbustorum,  L.  ;   (18)  E.  sepulcralis,  L.  ; 
(19)  E.  aeneus,  Scop.  ;  (20)  E.  pertinax,  Scop.  ;  (21)  E.  horticola,  Mgn.  (Sid.)  ; 
(22)  Helophilus  floreus,  L.,  ab. ;   (23)  Xylota  florum,  L.  (Sid.) ;   (24)  Syritta 
pipiens,  L.  ;   («)   Conopidce :  (25)  Zodion  cinereum,  F.  (Sid.) ;   (/)  Mu9cida : 
(26)  Echinomyia  groesa,  L.  (Haar)  ;   (27)  E.   fera,  L.  ;   (28)  E.   magnicomis, 
Zett.  ;   (29)  Nemoraia  sp.  ;   (30)  Exorista  vulgaris,  Fallen  ;  (31)  Tachina  eru- 
carum,  Rond.  ;  (32)  Sarcophaga  camaria,  L.,  ab.  ;   (33)  S.  hsemarrhoa,  ^jgn.  ; 
(34)  Onesia  sepulcralis,  Mgn.  ;   (35)  O.   floral  is,  Rob.   Desv. ;   (36)  Grapho- 
myia  maculata.  Scop. ;  (37)  Lucilia  sericata,  Mgn. ;   (38)  L.  Csesar,  L.  ;   (39) 
L.  silvarum,  Mgn.  ;   (40)  L.  comicina,  F. ;   (41)  Pyrellia  ronea,  Zett. ;   (42) 
Musca  corvina,  F.  ;  (43)  Calliphora  vomitoria,  L. ;   (44)  C.  erythrocephala, 
Mgn. ;   (45)  Scatophaga  merdaria,  F.,  ab.  ;  (46)  Sepsis  cynipsea,  L.,  ab.  ;  {g) 
Tahanidce :   (47)    Tabanus  rusticus,  L.  ;    {h)   MycetophUida: :   (48)  Platyura 
sp.  ;  (i)   Tipulidce :  (49)  Pachyrrhina  histrio,  F.     B.  Coleoptera — (a)  Nitidu- 
lidos:   (50)  Thalycra  sericea,  Er.  (Siebengebirge)  ;    (51)  Meligethes,  ab. ;    {b) 
Dermextidoi :  (52)  Anthrenus  pimpinella?,  F.  ;  (c)  Lamellicomia  :  (53)  Hoplia 
philanthus,  Sulz.,  very  freq.   (Sid.)  ;    (54)  Trichodes  fa.sciatu8,  L.,  ab.  ;     (56) 
Cetonia  aurata,  L.,  very  ab.,  (Sid.  Siebengeb.)  ;   (d)  Elateridcc :   (56)  Agriotes 
ustulatus,  Schaller  (Thur.)  ;  (57)  Corymbites  holosericeus,  L.  ;  (58)  C.  ha^ma- 
todes,  F.    (Siebengeb.,  July  8,  1871)  ;    (e)  Malacodemiata  :  (59)  Telephorus 
melanuruR,  F.,  very  freq.  ;   (60)  T.  fuscus,  L.  ;  (61)  T.  livid  us,  L.  ;  (62)  Tri- 
chodes apiarius,  L.  ;  (/)  MordelUda; :  (63)   Mordella  fasciata,  L.  ;  {g)  (Ede- 
meridcB :    (64)    (Edemera   virescens,   L.  ;    (//)    CerambycidcB :    (65)   Rhagium 
inquisitor,  F.  (Sid.) ;  (66)  Pachyta  8-maculatl^  F.,  ab.  (Sid.  Siebengeb.)  ;   (67) 
Btrangalia  melanura,  L.,  very  ab.  (Sid.)  ;  (68)  S.  nigra,  L.  ;  (i)  Chrysomelida  : 
(09)  Cryptocephaliis  sericcus,  L.  ;   (A-)   CoccineNida' :  (70)  Exochomiis  auritus, 
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Scriba.     C.  Hymenoptera — (a)   Tenthredimdce :  (71)  Tenthredo  bifasciata,  L., 
ab.  ;  (72)  T.   notha,  Kl.,  not  rare  ;   (73)  T.  tricincta,  F.  ;  (74)  T.  sp. ;   (75) 
T.  annulata,  F.  ;  (76)  Selandria  serva,  F.,  very  freq. ;   (77)  Athalia  rosae,  L. ; 
(78)  Hylotoma  rosarum,  R  ;  (79)  H.  coerulescens,  F.  ;   (80)  H.  ustulata,  L.  ; 
(81)  H.  vulgaris,  Kl.  ;  (82)  H.  femoralis,  Kl. ;  (83)  Cimbex  sericea,  L.,  not  rare 
(Sid.)  ;  (6)  Ichneumonida :  (84)  Numeroufl  species  ;  (c)  Sphegida :  (85)  Crabro 
lapidarius,  Pz.  9  cJ ,  freq.  ;  (86)  Cr.  vaguBy  L.  ?  ^J  ;  (87)  Cr.  cribrarius,  L.  ?  ^J  ; 
(88)  Oxybelus  uniglumis,  L.,  ab.  ;  (89)  Philanthus  triangulum,  F.  ?  ;  (90) 
Gorytes  campestris,  L.  ?  (J,  not  rare  ;  (91)  Dinetiis  pictus,  F.  $  (J,  ab. ;  (92) 
Mimesa  bicolor,  Sb.  (Thur.)  ;  (93)  M.  unicolor,  v.  d.  L.  (Tbur.)  ;  (94)  Pom- 
piliis  viaticus,  L.  (J  ;  (95)  P.pectinipes,  v.  d.  L.  (J  ;  (96)  Priocnemis  exaltatus, 
F.  (Thur.)  ;  (97)  Ceropales  maculata,  F.,  not  rare  ;  (98)  Tiphia  femorata,  F.,  ab.  ; 
{d)   VespidcB :  (99)  Odynerus  parietum,  L.,  ab.  ;  (100)  0.  sinuatus,  F. ;  (101) 
O.  trifasciatus,  F.  $  ;  (102)  Vespa  rufa,  L.  $  ;  (103)  V.  holhatica,  F.  ^ ;  (104) 
V.  vulgaris,  L.  9  ;  (e)  Apid(K  :  (105)  Prosopis  arraillata,  Nyl.  $  ;  (106)  Hal- 
ictus  cylindricus,  F.  $ ,  covered  with  pollen  on  the  whole  hairy  ventral  sur- 
face ;    (107)  H.   leucopus,  K.    $  ;   (108)  H.   flavipes,  F.    ?  ;   (109)  Andrena 
nana,  K.  9,8.;   (110)  A.  fucata,  Sm.  9>^b->8-   ^^^   c.p. ;   (HI)  A.   coitana, 
K.29,  not  rare  (Sid.)  ;   (112)  A.  Rosae,  Pz.  9,  freq. ;  (113)  Sphecodes  gibbus, 
L.  (J,s.  ;   (114)   Nomada  ferruginata,  K.  9>8.  ;    (115)   Megachile  centuncu- 
laris,  L.  9>  c-P«  ;   (116)  Bombus  terrestris,  L.  9>  c.p.  ;   (117)   Apis  mellifica, 
9,  8.  and  c.p.     D.   Hemiptera — (118)  Several  bugs.     See  also  No.  590,  i.,  and 
No.  609. 

195.  Daucus  Carota,  L.  :— 

Visitors  :  A.  Diptera — (a)  S^atwmyidee  :  (1)  Strationiys  Chamaeleon,  Deg., 
ab. ;  (2)  S.  riparia,  Mgn.,  ab. ;  (b)  Bombylidee :  (3)  Anthrax  flava,  Hff. 
(Thur.)  ;  (c)  Syrphidce :  (4)  Pipizella  annulata,  Macq.  ;  (5)  Pipiza  funebris,  F.  ; 
(6)  Chrysogaster  viduata,  L.  ;  (7)  Cheilosia  soror^  Zett.  ;  (8)  Syrphus  pyrastri, 
L. ;  (9)  Melithreptua  scriptus,  L.  ;  (10)  M.  taBuiatus,  Mgn.  ;  (11)  Ascia  poda- 
grica,  F.  ;  (12)  Eristalis  sepulcralis,  L.  ;  (13)  E.  arbustoruni,  L.  ;  (14)  Helo- 
philas  floreus,  L.  ;  (15)  Syritta  pipiens,  L. ;  (d)  Muscidw :  (16)  Gymnosoma 
rotundata,  L. ;  (17)  Sarcophaga  albiceps,  Mgn.  (Thur.)  ;  (18)  Species  of  Lucilia  ; 
(19)  Species  of  Sepsis.  B.  Ooleoptera— (a)  Demiestidoi :  (20)  Anthrenus  pim- 
pinellae,  F.  ;  (ft)  Lamelliconiia :  (21)  Trichius  fasciatus,  L.  ;  (c)  ElateAdce : 
(22)  Agriotes  sputator,  L.  (Thur.)  ;  (23)  A.  ustulatus,  Schaller  (Thur.)  ;  (24) 
A.  gallicus.  Lap.  (Thur.)  ;  {d)  Malacodemiata :  (25)  Dasytes  pallipes,  Pz. 
(Thur.)  ;  (e)  Min^ellida :  (26)  Mordella  fasciata,  F.  ;  (27)  M.  aculeata,  L.  ; 
(/)  ChirctUionufce :  (28)  Spermophagus  cardui,  Sch.  (Thur.)  ;  (g)  Ceram- 
hycidcR:  (29)  Strangalia  bifasciata,  Miiller  (Thur.).  C.  Hymenoptera — (a) 
Tenthredinidce :  (30)  Hylotoma  ustulata,  L.  (Thur.)  ;  (31)  H.  femoralis,  KL 
(Thur.)  ;  (32)  Selandria  serva,  F.  ;  (33)  Athalia  rosae,  L.  ;  (34)  Tenthredo 
notha,  Kl.  ;  (b)  fchneumonidcB :  (35)  Various  ;  (c)  Chrysidcd :  (36)  Hedychrum 
lucidulum,  F.  (J  9  (Thur.),  ab.  ;  (d)  Sphegidm :  (37)  Oxybelus  uniglumis,  L., 
ab.  ;  (38)  0.  bipunctatus,  01.  ;  (39)  Pompilus  niger,  F.  i ;  (40)  P.  viaticus, 
L.  (J ;  (41)  P.  neglectus,  Wesm.  $ ;  (42)  P.  intermedins,  Schenck  ;  (43)  Prio- 
cnemis obtusiventris,  Schi.  (Thur)  ;  (44)  Ceropales  maculata,  F.  ;  (45)  Tiphia 
femorata,  F.,  freq.  ;  (46)  Mutilla  europaea,  L.  ^  (Thur.,  July  14,  1870) ;  (47) 
Cerceris  variabilis,  Schr.  9  ;   W  Ve»pid(e :    (48)  Odynerus  sinuatus,  F.    9 ; 


286  THE  FERTILISATION  OF  FLOWERS.        [part  iir. 

(/)  Apidm :  (49)  Prosopis  variegata,  F.  $  (Thur.)  ;  (50)  P.  sinuata,  Schenck, 
<J  ;  (51)  Sphecodes  gibbus,  L.  9  ;  (52)  Halictus  albipess  F.  i  ;  (53)  H.  inter- 
ruptus,  Pz.  $  (Thur.)  ;  (54)  H.  fulvicornis,  K.  i ;  (55)  Andrena  parvula,  K.; 
(56)  A  nana,  K.  ?,s.  ;  (57),Nomada  lateralis,  Pz.  ?  (Thur.).  D.  Lepidop- 
tera— (a)  Rhopalocera :  (58)  Hesperia  lineola,  0.,  s.  ;  {h)  Tineina :  (59)  Nemo- 
toig,  Hbn.,  sp.,  s.  K  Hemiptera — (60)  Tetyra  nigrolineata,  L.  (Thur.),  ab. 
F.  Neuroptera — (61)  Hemerobius.     See  also  No.  590,  i. 

Daucm  (Orlaya)  grandijlora,  Hoflfm. — This  species  has  three 
different  kinds  of  flowers,  all  diflfering  in  form  and  degree  of 
conspicuousness  :  (1)  In  the  centre  of  the  umbellule  the  florets 
are  male  only,  and  have  small  incurved  petals  ;  (2)  at  the  edge  of 
the  umbellule  the  florets  are  asexual,  and  the  outermost  petal  is 
greatly  enlarged;  (3)  at  the  margin  of  the  whole  umbel  are 
female  florets,  in  which  the  outer  petals  attain  a  gigantic  size 
(590, 1.). 

Caucalis  daucoides,  L.,  is  visited  by  Tetyra  mgrolineaia,  L. 
(Hemiptera)  (590,  I.). 

196.  Caucalis  (Torilis)  Anthriscus,  L.  : — 

Visitors  :  A.  Diptera — (1)  Gymnosoma  rotundata,  L.,  freq.  B.  Hynienop- 
tera— (a)  Tenthredinidcp :  (2)  Tenthredo  notha,  Kl.  (Tekl.  B.)  ;  {h)  Sphegido'  : 
(3)  Crabro  vagus,  L.  9  ;  (4)  Oxybelus  bellicosus,  01.  ;  (5)  O.  iiniglumis,  L., 
ab.  ;  (6)  Coropales  maciilata,  F.  (J  ? ,  ab.  ;  (c)  Vesjndcc :  (7)  Odynerus  pari- 
etum,  L.  ;  (d)  Apidcp :  (8)  Prosopis  variegata,  F.  ^J.  C.  Lepidoptera — (9) 
Pieris  rapae,  L.     Sec  also  No.  590,  i.^ 


REVIEW   OF   THE   UMBELLIFERiE. 

A  survey  of  the  Umbelliferse  and  their  insect-guests  proves 
most  definitely  that  in  flowers  otherwise  constituted  aUke  the 
visitors  vary  in  abundance  and  variety  in  proportion  to  the  con- 
spicuousness of  the  flowers.  For  our  comparison  we  must  naturally 
choose  flowers  that  have  been  observed  to  much  the  same  extent. 
If  we  select  a  number,  e.g.  jEgojpodivm,  Caimm,  Pimpinclla 
Saxifraga,  Heracleum,  Torilis,  Anthriscus  silvestris,  Daucus,  and 
Chccrophylhim  temulum,  and  arrange  them  in  the  order  of  con- 
spicuousness, this  arrangement  will  not  difier  materially  from  the 
following,  in  which  they  are  placed  according  to  the  number  of 

'  The  following  additional  species  are  discussed  in  my  AJpenhlumen : — Buplettrum 
stellatum^  L.  ;  ChoBrophyllum  Villarsiij  Koch. ;  Oaya  simplex.  Gaud.  ;  Loserpitium 
hirsutum,  Lam.  ;  Meum  Afutelliva,  Gartn.  ;  Petuxdanum  Ostruthiwii,  L.  Lists  of 
visitors  to  the  following  are  given  in  my  Weitcre  Bcohachlungctif  pt.  i.  ;  ASthMsti 
Cynapiurn,  L.  ;  Buplciirum  rotimd\folium,  L.  ;  ThysRelimim  palustrc,  Hoff'm. 
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<liffercnt  species  of  their  insect-guests:   1.  Heracleum  (118);  2. 
sjEgopodium  (104) ;  3.  Anthriscus  silvestris  (73)  ;  4.  Daucus  Carota 
(61) ;  4.  Carum  carui  (55) ;  6.  Chwrophyllum  temvlum  (23)  and 
JPimpinella  Saxifraga  (23) ;  7.  Torilis  (9). 

Those  insects  which  are  most  specialised  for  obtaining  honey 
are  the  least  frequent  visitors  of  UmbelliferaB.  On  most  Umbel- 
lifers  butterflies  are  never  seen,  and  on  the  others  only  rarely. 
In  cases  where  I  saw  them  on  several  flowers  one  after  another 
sinking  their  proboscides  on  to  the  fleshy  disk,  I  have  set  them 
down  as  sucking;  but  the  point  may  be  reserved  whether  they 
really  can  suck  up  honey  off  the  flat  surface,  or  were  tearing  the 
disk  with  the  sharp  appendages  of  the  proboscis  and  sucking  the 
juice  set  free,  or  whether  they  were  only  looking  for  honey 
unsuccessfully. 

We  find  on  Umbellifers,  on  the  one  hand,  the  least  specialised 
genera  of  bees  {Prosopis,  Sphecodes,  Halictvs,  Aivdrena)  licking 
the  flat  layer  of  honey  or  gathering  pollen,  and,  on  the  other 
hand,  the  most  diligent  forms  (-^^>is,  Bornims^  collecting  pollen, 
or  more  rarely  sucking  honey. 

The  odour  of  Umbellifers  is  shown  to  be  of  marked  influence 
on  bees  visits,  as  the  strong-smelling  umbels  o{  Anethum  graveoleiis 
are  visited  with  special  preference  by  the  equally  strong-smelling 
species  of  Prosopis.  The  great  majority  of  the  visitors  of  Umbellifers 
are  short-lipped  flies,  beetles,  wasps,  and  other  short-lipped  insects 
in  immense  variety.  As  a  peculiarity  which  influences  this 
assemblage  of  insects,  I  must  mention  the  yellowish  colour,  for 
I  have  never  found  the  flowers  of  Bupleurum,  Silaus,  or  Pastinaca 
visited  by  beetles.  These  seem  to  be  mainly  attracted  to  flowers 
by  bright  colours. 

Bare  Umbellifers,  confined  to  particular  localities,  have  rare 
insects  as  their  visitors. 

Obd.  ARALIACEjE. 

Hedcra,  L.,  is  proteranderous,  according  to  Delpino,  and  is 
fertilised  by  flies  (177).  I  have  seen  it  visited  also  by  beetles  and 
by  wasps  (590,  I.). 

Obd.  CORNAGEjE, 

197.  CoRNUS  SANGUINEA,  L.-^The  fleshy  ring  surrounding 
the  base  of  the  style  secretes  honey,  which,  lying  open  on  the  flat 
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surface,  is  much  more  easily  licked  up  by  the  tongues  of  short- 
lipped  insects,  or  by  the  end-flaps  (labellce)  of  Diptera,  than  by 
the  long  proboscis  of  bees.  I  have  never  seen  bees  upon  the 
flowers  of  C.  sanguinea,  although  they  may  occasionally  frequent 
them  for  the  sake  of  pollen  or  even  honey  ;  but  I  have  noticed 
many  other  insects  licking  the  honey  on  these  flowers. 

Since  the  anthers  are  developed  at  the  same  time  as  the 
stigma,  and  since  they  open  inwards  and  stand  on  a  level  with 
it  at  a  little  distance,  the  insect,  alighting  on  the  flower  and 
bending  its  head  down  to  the  fleshy  disk,  generally  touches  the 
stigma  with  one  side  of  its  head  or  body  and  one  or  two  anthers 
with  the  other ;  and  so  passing  from  flower  to  flower,  and  touching 
the  stigma  now  with  one  side  of  its  head  now  with  the  other, 


Fig.  95. — Comu$  fanguinea^  L. 

1.— Flower,  from  above. 
2.— Ditto,  in  side  view. 


it  produces  cross-fertilisation,  especially  as  in  its  movements  it 
touches  anthers  and  stigmas  with  its  legs  or  the  underside  of  its 
body.  Only  the  smaller  insects  (Nitidulidce,  Byiiirus,  small  Diptera) 
which  creep  about  irregularly  in  the  flowers  can  occasion  self- 
fertilisation  also.  In  default  of  insect- visits,  pollination,  and  even 
cross-pollination,  may  here  and  there  occur  by  the  stigma  acci- 
dentally touching  an  anther  of  a  neighbouring  flower. 

Visitors  :  A.  Coleoptera — (a)  Nitidulidce :  (1)  Thalycra  Bericea,  Er.;  (2)  Meli- 
getbefl  ;  (6)  DermestidcB :  (3)  By  turns  fumatus,  F. ;  (c)  ElateridcR :  (4)  Dolopiiis 
marginatiis,  L.  ;  (5)  Athous  niger,  L.  ;  {d)  CurculionidoB :  (6)  Otiorhynchus 
picipes,  F.  ;  (e)  Cerambycidce :  (7)  Strangalia  atra,  F.  ;  (8)  Str.  armata,  Hbst  ; 
(9)  Str.  attenuata,  L.  ;  (10)  Graminoptera  lurida,  F.  ;  (11)  Gr.  Isevis,  F. ;  (/) 
Malacodermata  :  (12)  Telephorus  pellucidiis,  F.  B.  Diptera— (a)  Empida : 
(13)  Empis  livida,  L.  ;  (6)  (14)  a  «mall  midge  in  very  great  numbers.  C 
Hymenoptera — Sphegiffce :  (15)  Pompilus  sp.  ;  all  the  visitors  were  licking 
honey  on  the  fleshy  disk.     See  also  No.  590,  11. 
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Obd.  CAPRIFOLIACEJS. 

198.  Adoxa  Moschatellina,  L. — The  flat,  exposed  layer  of 
honey  limits  or  prevents  the  visits  of  long-tongued  insects,  while 
the  greenish-yellow  colour  of  the  flowers  must  cause  them  to 
remain  unnoticed  hy  most  flower-haunting  Coleoptera.  As  in 
other  flowers  of  a  similar  colour  and  displaying  their  honey  in  a 
similar  way,  the  visitors  are  exclusively  or  almost  exclusively 
Diptera  and  Hymenoptera,  which  in  this  case  are  specially 
attracted  by  the  musky  smell.  The  honey  is  secreted  by  a 
fleshy  ring  surrounding  the  bases  of  the  stamens.     The  stamens 


Fig.  M.^ Adoxa  iJo$chatfllina,  L. 

1.— Apical  flower,  from  above  (x  8 J). 

2.— Ditto,  from  below. 

8.— Lateral  flower,  not  yet  mature,  unfolded  artificially:  the  style  is  still  bent  down;  viewed 
from  the  (W»nt. 

4.— Ditto,  firom  behind. 

6.— Lobe  of  the  corolla,  with  two  (divided)  stamens  (x  7). 

6. — Stigma  of  the  spiral  flower,  from  the  side  (  x  7). 

a,  anther,  not  yet  dehifsced  ;  a',  ditto,  after  dehiscence  :  »,  sepal :  p.  petals  of  the  epical  flower ; 
p',  superior,  p*,  inferior,  p^,  lateral,  petals  of  a  lateral  flower :  »<,  stigma ;  ov,  ovary ;  n,  nectary. 


are  each  split  into  two  halves,  and  their  pollen-covered  surfaces 
are  directed  upwards  in  the  terminal  flowers,  and  outwards  in  the 
lateral  flowers.  Insects  crawling  over  the  small  inflorescence 
bring  their  feet  and  proboscides  in  contact  now  with  anthers  now 
with  stigma,  and  effect  cross-fertilisation  as  in  the  case  of  the 
Guelder-rose  and  Elder  (cf.  Ricca,  No.  665). 

After  my  M.S.  was  finished  I  found  a  patch  of  Adoxa  visited  ratlier 
abundantly  by  small  insects  one  simny  afternoon  (April  7,  1872).  I  caught 
fifty-two  examples  of  the  following  species.  A.  Diptera — (a)  Muscidrr :  (1) 
BorboTUS  niger,  Mgn.,  2  specimens  ;  (b)  Mycetaphiliclce :  (2)  various  species 

U 
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1^ — 4  mm.  long.,  11  specimens;  (c)  Simulid(e :  (3)  Simolia  sp.,  14  speci- 
mens ;  (d)  CecidomyidcR :  (4)  various  species,  10  specimens.  B.  Hymenoptera — 
(a)  PteromaVmi :  (5)  Eulophus,  $ ,  1  specimen  ;  (6)  seven  otlier  species, 
9  specimens ;  {h)  Ichtieumonida :  (7)  Pezomacbus,  Grav.,  two  species,  2  spe- 
cimens. C.  Coleoptera — Curctilionida :  (8)  Apion  columbinom,  Gnn.,  3 
specimens.  Many  of  these  small  gnest«  scrambled  over  the  inflorescence,  others 
flew  fr«im  flower  to  flower  ;  all  licked  the  thin  layer  of  honey,  and  none  were 
feeding  on  the  pollen. 

199.  Sambucus  nigra,  L. — I  have  never  found  honey  in  the 
flowers.  The  relative  positions  of  the  essential  organs  are  as  in 
the  following  species,  save  that  the  stamens  diverge  still  more 
widely.  Many  flowers  are  aggregated  together,  and  the  corymb 
is  here  so  large  and  conspicuous  that  enlargement  of  the  marginal 
flowers  is  unnecessary.  The  flowers  are  much  less  visited  by 
insects  than  those  of  the  Guelder-rose,  and  I  have  never  found 
pollen-collecting   bees   upon   them.     It  would   be   premature   to 


\  ii;   'Ji.—SiMbnetu  niifra,  L. 

1.  —Flower,  from  the  front. 

2. — Ditto,  obliquely  from  the  front  and  side. 

3.— Ditto,  obliquely  from  behind,    (x  3J  ) 

conclude  from  this  that  the  strong  scent  of  the  flowers  is 
distasteful  to  bees,  for  I  have  frequently  found  bees,  and  even  the 
hive-bee,  visiting  Buta  graveoUns,  in  regard  to  which  Delpino 
advanced  the  same  opinion.  Fertilisation  is  effected  in  the 
same  way  as  in  the  previous  species ;  but  as  cross-fertilisation 
is  less  perfectly  insured,  self-fertiUsation  takes  place  much  more 
freely,  pollen  falling  directly  upon  the  stigma  in  many  flowers. 

Visitors  :  A.  Diptera — (a)  Stratiomyido' :  (1)  Sivrgus  cuprarius,  L.  ;  (6) 
Syrphidce :  (2)  Eristalis  arbustorum,  L.  ;  (3)  E.  nemorum,  L.  ;  (4)  E.  tenax, 
L.  ;  (5)  E.  hurticola,  Mgn.  (Sid.)  ;  (6)  Volucella  pellucens,  L.,  all  f.p.  B. 
Coleoptera— Z,amc//iVarwia ;  (7)  Cetonia  aurata,  L.  (Sid.)  ;  (8)  Trichius 
fasciatus,  L.,  both  of  these  beetles  feed  on  the  petals  and  other  parts  of  the 
flower,  and  are  therefore  more  destructive  than  useful.     See  also  No.  590,  nr. 

Sambucus  Ebulus,  L. — The  flowers  are  visited  on  the  Alps  by 
hive-bees,  humble-bees,  and  Syrphida?  {Volucella)  (609,  p.  392); 
in  Low  Germany  by  Diptera  (590,  ill.). 
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200.  Viburnum  Opulus,  L— The  flowers  are  aggregated  in  a 
flat  corymb,  whose  marginal  flowers  have  the  petals  greatly  enlarged 
at  the  expense  of  the  essential  organs.  They  thus  attain  conspieuous- 
ness,  useless  to  themselves,  but  of  the  highest  importance  to  the 
community,  as  Sprengel  correctly  explained  (702,  p.  159).  When 
the  flowers  expand  (Fig.  98,  2)  the  anthers  have  already  begun  to 
dehisce,  and  the  stigmas  are  already  so  far  developed  that  if  pollen 
be  applied  to  them  it  adheres  easily  and  in  large  amount.  Shortly 
afterwards  the  anthers  become  covered  all  round  with  pollen,  and 
protrude,  diverging,  from  the  flower,  while  the  stigmas  remain  in 
the  base  of  the  flower  close  above  the  ovary,  whose  upper  surface 
secretes  honey.  The  honey  is  fully  exposed,  and  forms  a  flat, 
adherent  layer,  so  that   it  is  only  attractive  to  flies  and   other 


Fiii.  9B.— Viburnum  Ojului.  L. 

1.— Marginal  flower,  from  above,  showing  radimentary  pistil  and  stamens  (x  2^). 

2.— Fertile  flower,  soon  after  expansion  (  x  4}). 

8.— Ditto,  after  removal  of  the  anterior  part  of  the  corolla  and  stamens  (x  4|). 


short-lipped  insects ;  the  pollen  attracts  both  flies  and  poUen- 
coUecting  bees;  the  white  colour  of  the  flowers  makes  them 
attractive  to  beetles,  some  of  which  are  very  destnictive  visitors. 
The  most  frequent  visitors  and  the  most  efficient  fertilisers  are 
also  those  which  get  most  benefit  from  the  flowers,  viz.  flies, 
which  by  turns  suck  honey  and  feed  on  pollen.  As  each  flower 
contains  a  very  small  amount  of  honey,  the  insects  rapidly 
traverse  the  coiymb;  and  they  repeatedly  effect  fertilis«ition, 
which  is  usually  cross-fertilisation,  since  in  each  flower  anthers 
and  stigmas  generally  come  in  contact  with  different  parts  of  the 
insect's  feet  or  proboscis.  In  absence  of  insects,  self-fertilisation  is 
not  impossible,  for,  in  spite  of  the  divergence  of  the  stamens,  the 
stigma  comes  to  lie  in  many  flowers  immediately  below  an  antlicr. 
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Vuit'jN  ;  A.  Diptera — (a)  Syrphidir :  {\\  Erislalis  arLastonun,  L.  ;  (2) 
E.  nemonun,  L. ;  (3}  E,  «epulor&IU,  L.  ;  (4)  £.  leuai,  L.  ;  (3j  Uelopbilus 
floieaii,  L.  ;  (6)  H.  pendoltu,  L.,  tXX  aK,  e.  and  tp.  ;  (Ji)  Maacida :  (7)  Echino- 
mTU  fera,  L.  B.  HTmenoften—ApiJa :  (8)  Halictos  sexnoUttu,  K^  cp. 
C.  Coleopten— (a)  XHutalula :  (9)  Meligelfais,  sfc.  ;  (6}  Lamdlifornia  :  (10) 
Fhytlopertlia  LorlicoU,  L,  feeding  on  the  peuk  and  other  port*  of  the  flower. 
See  aUo  Xo.  590,  in. 

201.  Sysiphokicahpos  bacemoscs,  Michs.— The  fiowera  of  the 
Snowbeny  Beem  to  be  specially  adapted  for  waspa,  like  those  of 
Scrophularia.  The  corolla  is  pendulous,  bell-shaped,  and  of  a 
reddish  colour,  7  to  8  mm.  long  and  5  mm-  wide,  cleft  nearly  to 
the  middle  into  five  lobes.  A  wasp's  head  (-i  mm,  broad,  2  to  Sj 
mm.  thick)  can  be  conveniently  accommodated  in  it,  and  in  point 
of  fict,  wasps,  in  phxces  where  they  are  abundant,  are  the  most 
numerous  visitors  of  this  plant.  The 
wasp  hangs  below  the  flower,  thrusting 
in  its  head  and  licking  the  honey  which 
is  seerett'd  very  abundantly  by  the  fleshy 
swelling  at  the  base  of  the  style.  The 
honey  collects  in  the  base  of  the  flower 
and  on  the  inner  wall  of  its  dilated  lower 
portion ;  it  is  prevented  from  flowing  out 
by  long  close  hairs  upon  the  five  lobes  of 
the  corolla  extending  inwards  to  the 
centre  of  the  flower,  and  protected  from 
rain  both  by  these  hairs  and  by  the  obUquely  pendulous  position 
of  the  flower. 

In  the  lowest  part  of  the  hairy  lining,  viz.  that  nearest 
the  mouth  of  the  flower,  are  the  five  anthers,  which  dehisce 
introrsely  and  converge  towards  the  centre  of  the  flower;  the 
filaments  are  attached  to  the  corolla  nearits  middle.  Immediately 
above  tlie  hairs,  in  the  middle  of  the  flower,  stands  the  stigma, 
which  ripens  at  the  same  time  as  the  anthers.  As  the  wasp  thrusts 
its  head  wholly  into  the  flower,  it  comes  at  once  in  contact  with 
all  five  anthers  and  then  touches  with  one  side  the  stigma;  but  on 
its  way  to  the  stigma  little  or  no  pollen  remains  attached  to  it,  partly 
because  the  pollen  is  very  slightly  adhesive,  and  partly  because  any 
grains  that  do  attach  themselves  are  brushed  off  before  they 
reach  the  stigma  by  the  hairs  lining  tlie  corolla.  It  is  only  when 
being  withdrawn  moistened  with  honey  that  the  insect's  head  acquires 
a  plentiful  coating  of  pollen  to  be  carried  to  the  stigma  of  the  next 
flower.     Thus,  in  case  of  wasps'  visits,  cross- fertilisation  is  insured ; 
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in  absence  of  insects,  self-fertilisation  cannot  well  occur  owing  to 
the  relative  positions  of  anthers  and  stigma. 

Visitors :  Hymenoptera — (a)  Vespidcs ;  (1)  Vespa  holsatica,  F.  ;  (2)  V. 
media,  Degeer  ;  (3)  V.  saxonica,  F.  ;  (4)  V.  rufa,  L.  ;  (5)  Polistes  gallica,  L. 
and  var.  diadeina  ;  in  Thuringia  these  five  species  make  nine-tenths  of  all  the 
visitors  ;  in  Lippstadt,  where  wasps  are  much  less  abundant  and  Polistes  does 
not  occur,  the  honey-bee  preponderates ;  (6)  Odynerus  sp.,  bit  holes  in  the 
corolla  and  introduced  its  head  ;  (b)  Apidcs :  (7)  Apis  mellifica,  L.  ? ,  ab.  ;  (8) 
Bombus  agrorum,  F.  5  ;  (9)  B.  pratorum,  L.  5  J  (10)  B.  muscorum,  F.  5  >  ^1 
three  species  scarce  ;  (11)  Eucera  longicomis,  L.  (J;  (12)  Megachile  centun- 
cularis,  K.  (J , all s. ;  (13)  Halictus sexnotatus,  K.  ?,  s.  and  c.p.  ;  (c)  Sphegidce : 
(14)  Ammophila  sabulosa,  L.,  s.    Sec  also  No.  590,  iii. 

LinruBa  horealis,  Gron. — The  position  of  the  flower  shelters  the 
honey  from  rain,  and  hairs  on  the  interior  of  the  corolla  exclude 
many  small  insects.  Five  purple  lines  on  the  interior  of  the 
corolla  and  a  patch  of  orange  colour  on  its  inferior  side,  near  the 
base,  act  as  honey-guides.  Cross-fertilisation  is  favoured  by  the 
position  of  the  stigma  in  advance  of  the  anthers  (609,  Fig.  158). 


Fio.  IWi.—Lonieera  CaprifoUum,  L. 

1.— Flower,  from  the  side.    Nat  Bite.    The  figure  should  be  horizontal. 
2. — Ditto,  from  the  fh>nt. 


202.  LONICERA  Caprifolium,  L. — The  flowers  are  adapted  for 
fertilisation  exclusively  by  long-tongued  crepuscular  and  nocturnal 
Lepidoptera.     They  bloom  at  the  season  when  hawk-moths  are 
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most  abunlant  (May,  June),  tbey  expand  ami  exhale  their 
perfume  most  strongly  in  the  evening,  and  they  conceal  their 
honey  in  so  long  and  narrow  a  tube  that  Lepidoptera  aloae  of  our 
native  insects  are  able  to  reach  it.  The  tube,  whose  inferior  fiesby 
part  secretes  honey  along  it^  middle  line,  is  about  30  mm.  long, 
and  for  the  greater  part  of  it«  length  only  ]  to  2  mm.  wide,  and  ' 
still  further  narrowed  by  the  style ;  while  the  longest  proboscides 
among   our  native  bees  raeaaure  21  mm.  (Bombus  hort</rnm  and 

t  AiUhophora  piiipes),  and   among   our  flies   only   11    to   12  nun. 

\  (Bhinffia,  BombsHns  dixolor).  Certainly  the  tube  becomes  filled 
to  past  the  middle  with  honey  so  that  even  insects  withaproboecia 
15  mm.  long  can  reach  part  of  it ;  but  thb  depth  of  honey  is  only 
attained  in  the  evening,  when  bees  and  flies  have  ceased  to  seek 
their  food.  I  have  never  seen  bees  or  flies  sucking  on  this  honey- 
suckle ;  and  it  is  all  the  more  plentifully  visited  by  bawk-moths  on 
the  warm,  calm  evenings  of  May  and  June.  I  caught  on  a  single 
plant  on  May  27  and  29,  1868  :— 

Lepidoptetft— (a)  Bphingida :  (I)  Sphini  convolvuli,  L.  (65—80),  2  speci- 
mena  ;  (2)  S.  ligiutri,  L.  137—42},  6  (pecimena ;  (3)  S.  pinastri,  L.  (28—33), 
&  ■pecimeiis  ;  (4)  DeilephOa  eipenor,  L.  (20 — 24),  17  BpecimeiiB  ;  (5)  D. 
porcellas,  L.  (SO),  1  specimen  ;  (6),  Smermthoa  tiljs,  L.  (33),  1  specimen  ; 
(b)  Noctaa :  (7j  Diantbccciu  capeincola,  S.  V.  (23—25),  2  apecimeDS ;  (B) 
Cucnllift  UDibr&tica,  L.  g  (18 — 32),  2  ■pecimens  ;  (9)  Pliwia  gainnia,  L.  {15}, 
1  Bpeciwen  ;  (c)  Bombj/ett :  (10)  Dstfjctira  pndibando,  L.  (0),  1  specimen. 

Smerinthiis  tiluE  and  Dasychira  pudibunda  which  have  com- 
pletely aborted  proboscides  were  doubtless  attracted  by  the  smell 
only,  without  having  anything  to  gain  from  the  plant;  Flusia 
gamma  might  sip  a  little  honey  from  untouched  flowers,  and  the 
four  preceding  species  might  drink  deeply,  but  only  the  first  three 
could  drain  the  honey.  I  axamined  the  specimens  I  had  coUected 
not  only  with  reference  to  the  length  of  their  tongues  but  also 
with  reference  to  the  extent  to  which  they  were  dust«d  with 
pollen.  lu  all  (except  the  two  last  short-lipped  species),  at  least 
the  hairs  upon  the  paliis  which  cover  the  base  of  the  probosds 
were  richly  covered  with  pollen ;  and  in  several  of  the  larger 
species  the  hairs  and  scales  on  the  whole  of  the  under  side  of  the 
body  from  the  head  to  the  middle  of  the  abdomen,  including  the 
proboscis,  antenme,  legs,  and  wings,  were  thickly  dusted.  The 
most  richly  coated  were  individuals  of  the  first  three  Sphingidae, 
which  had  flown  violently  away,  while  I>iwtthaxia,  Ciumllia,  and 
Phma  were  the  least  so.  The  pollen-grains  are  rounded  tetraliedra, 
■0+7  mm.  in  diameter;  they  arlhere  to  the  hairs  .iml  scales  of  the 
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insect  and  afterwards  to  the  stigma  by  their  sticky  surface,  and 
by  the  aid  of  small,  sharp  processes  with  which  they  are  thickly 
covered. 

The  visits  of  the  above-named  Lepidoptera  result,  in  spite  of 
the  simultaneous  development  of  anthers  and  stigma,  regularly  in 
cross-fertilisation,  in  consequence  of  the  position  of  the  stigma  in 
advance  of  the  anthers.  The  stamens  project  about  15  to  18  mm. 
and  the  style  about  25  mm.  beyond  the  mouth  of  the  flower ;  both 
are  slightly  curved  upwards  at  their  ends,  and  the  pollen-covered 
faces  of  the  anthers  are  turned  upwards.  Lepidoptera,  whether 
they  alight,  or  suck  the  honey  while  poised  in  the  air,  must 
touch  first  the  stigma  and  then  the  anthers  with  their  ventral 
surfaces. 

On  warm,  calm  evenings,  insect- visits  are  so  abundant  that  on 
the  following  day  all  the  flowers  are  found  to  have  had  their  pollen 
entirely  removed.  On  the  other  hand,  on  days  following  cool, 
windy  evenings,  the  flowers  display  abundant  pollen,  which  is  then 
gathered  by  bees  and  flies. 

On  such  days  I  have  found  the  honey-bee  and  Hallctibs 
sexnotatus,  K.  ?,  busy  collecting,  and  several  Syrphidae,  JCylota 
segnis,  L.,  Rhingia  rostrata,  L.,  and  Syrphtis  ochrostomu,  Zett.,  busy 
feeding  on  the  pollen  which  remained  upon  the  anthers.  These 
secondary  visitors  occasionally  effect  fertilisation,  but  they  must 
perform  self-fertilisation  as  readily  as  cross-fertilisation,  and  at  any 
rate  the  flower  has  not  been  adapted  for  them. 

Zonicera  coerulea,  L. — The  yellowish-white  flowers  are  adapted 
for  humble-bees,  by  which  they  are  chiefly  visited  and  fertilised. 
The  tube  is  over  10  mm.  long  and  pendulous.  The  stigma  stands 
well  in  advance  of  the  anthers,  favouring  cross-fertilisation  ;  but  in 
the  absence  of  insects,  pollen  may  easily  fall  on  the  stigma  and 
effect  self- fertilisation  (609). 

Zonicera  Peridymcnum,  L. — The  general  stnicture  of  the  flower 
resembles  that  of  Z,  Caprifolium,  and  the  plant  is  visited  and  fer- 
tilised by  the  same  hawk-moths.  The  tube,  however,  is  only 
22  to  25  mm.  long,  so  that  the  honey  as  soon  as  it  has  collected 
to  the  depth  of  a  few  millimetres  is  accessible  to  many  of  our  bees. 
On  July  17,  1867,  I  saw  Bomhushortomm,  Ij,  ?  (21  mm.),  sucking 
honey  from  some  flowers  of  L,  Pcridymemtm.  The  bee  wasted 
considerable  time  in  obtaining  a  convenient  position  for  sucking, 
and  it  crawled  from  the  broad  upper  lip  to  the  mouth  of  the  tube 
without  touching  the  stigma  and  anthers;  and  the  amount  of 
honey  it  obtained  must  have  been  small,  for  after  visitini^  a  few 


FiQ.  WL—Lmletra  Pcrle/tmtnum.  L. 
l.—i  Rnk-inoth  (SpMns  tljnoIrO  lucktoi  one  of  tlie  Bower*. 
I.— ComUi,  (UI  don  the  middle  Une  luperTarlT.  ud  Uld  open. 
4.— Btlsnu. 
(.—Section  of  Butrj, 
t.—0\ay  »ad  olyi. 
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flowers  it  flew  away,  though  the  plants  were  in  full  bloom.  Bees, 
therefore,  are  only  accidental  visitors,  which  have  had  no  influence 
in  developing  the  special  characters  of  the  flower.^ 

203.  LoNiCERA  TATARICA,  L. — Honey  is  secreted  and  lodged  in 
the  shallow  pouch  at  the  base  of  the  tube,  which  is  6  to  7  mm.  long. 
Stigma  and  anthers  are  matured  simultaneously,  and  protrude  from 
the  flower  in  close  proximity  with  one  another,  the  stigma  being 
slightly  overtopped  by  the  anthers.  An  insect-visitor  inserts  its 
head  between  the  anthers  and  stigma,  and  so  dusts  one  side  with 
pollen  while  the  other  comes  in  contact  with  the  stigma.  The 
flowers  stand  unsymmetrically  in  pairs,  causing  the  insect's  head  to 
enter  in  various  positions  and  so  favouring  cross-fertilisation.  When 
the  stigma  is  thrust  aside,  its  opposite  side  usually  comes  in  contact 
with  those  anthers  which  are  not  touched  by  the  insect's  head,  and 
it  thus  becomes  dusted  simultaneously  with  the  pollen  of  its  own 
flower.  Flowers  are  frequently  found  in  which  the  stigma  is  in 
close  contact  with  one  or  two  anthers,  and  self-fertilisation  doubtless 
often  takes  place  in  absence  of  insects. 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  9 ,  s.,  ab. ;  (2) 
Megachile  centuncularis,  L.  ^ ,  s.  ;  (3)  Andrena  albicans,  K.  $ ,  tries  in  vain 
to  reach  the  honey.  B.  Diptera— ^SyiyAic/tP ;  (4)  Rhingia  rostrata,  L.,  s.  and 
f  p.,  very  ab. 

Zonicera  nigra,  L. — This  species  is  adapted  for  bees,  which  alight 
not  on  the  under  lip,  which  is  bent  backwards  out  of  the  way,  but 
on  the  style  and  stamens.  The  flowers  are  homogamous.  The 
stigma  stands  below  the  anthers,  and  in  absence  of  insects 
self- fertilisation  must  occur  (609,  Fig.  159). 

204.  LoNiCERA  Xylosteum,  L. — Honey  is  secreted  and  lodged 
as  in  L.  tatarica,  but  the  tube  is  only  3  to  4  mm.  long.  The  anthers 
and  stigma  are  matured  simultaneously  and  project  far  beyond  the 
mouth  of  the  flower  ;  the  former  are  divergent  and  stand  at  a  dis- 
tance from  the  stigma.  Humble-bees  thrust  their  heads  some- 
times to  one  side  sometimes  to  the  other,  sometimes  above  some- 
times below  the  anthers,  and  in  the  course  of  repeated  visits  they 
dust  their  heads  (or  head  and  thorax)  all  round  with  pollen.  In 
each  flower  one  side  of  the  bee's  head  touches  the  stigma  and  the 
other  the  anthers,  so  that  cross-fertilisation  proceeds  regularly.  I 
have  never  found  flowers  in  which  the  anthers  stood  in  immediate 

^  See  No.  590,  in.  p.  75,  for  a  case  of  atavism  in  Diir  sprcies. 
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contact  with  tlie  stigma ;  but  in  tiie  absence  of  insects,  self- 
fertilisation  may  result  in  many  flowers  by  poUeu  falling  upon  the 
stigma. 

Vieilfirs  :  A.  HymenopU-ra — Apiiiir  ;  (1)  Apia  luellifica,  L,  ?,  verjab.,  s.  ; 
(2)  Bombua  muBconim,  F.  9 ,  ».  ;  (3)  B.  pratorum,  L.  (? ,  b.  B.  Diplera— (a) 
Empida :  (4)  EmiiiM  opaca,  F.,  s.,  ab.  ;  (b)  Syi-phida :  (5)  Rliirgia  rostnta,  L., 
s.  and  f.p. 

The  chief  fertilisera  are  humble-bees,  since  they  never  insert 
their  tongues  into  a  flower  without  tiiuching  stigma  and  anthers 
with  opposite  siJes  of  the  liead  ;  while  flies  and  the  honey-bee 
never  kiuch  the  stigma  at  all  in  many  flowers. 

Lonictra  aljncfcna,  L. — This  species  is  fertilised  by  bees  and 
humble-bees,  and  also  still  more  frequently  by  wasps.     It  resembles 


(B«Btin,  Jnoe  S,  IKTt.) 


other  wasp -fertilised  flowers  {Scrophularia,  Si/mpJioricarpos,  Epi- 
pactis  paluslris)  in  having  an  expivnded  poucli-like  honey-receptacle 
containing  an  unusually  large  supply  of  honey,  and  it  is  just  wide 
enough  to  aduiit  a  wasp's  head  easily.  The  flower  is  reddish-brown 
in  colour,  like  that  of  Scrophutaria  (609). 


PART  iil]  the  mechanisms  OF  FLOWERS.  299 

Weigtlia  (IHervilla)  rosea,  L. — The  flower  is  adapted  for  bees, 
and  undergoes  a  change  of  colour  after  fertilisation  like  JRibes 
aureum  (S90,  III.). 


REVIEW  OF  THE  CAPRIFOLIACKfi. 

The  small  group  of  Caprifoliacecc  is  remarkable  for  the  great 
variety  of  visitors  to  which  nearly  related  plants  have  adapted 
themselves,   chiefly   by  dififerences  in  the   length   of   the   tube. 
Zonicera  CapHfolium,  L.,  with  a  tube  about  30  mm.  long,  permits 
only  a  few  Lepidoptera  to  reach  the  honey ;  L.  Periclymenum,  L., 
in  which  the  tube  is  only  20  mm.  long,  admits  also  a  few  specially 
long-tongued  bees ;  Z,  ccer^dea,  L.,  with  a  pendulous  corolla  and  a 
tube  over  10  mm.  long,  is  adapted  for  humble-bees ;  in  L,  tatarica, 
L.,  and  L,  Xylosteum,  L.,  the  length  of  the  tube  falls  to  7  to  3  mm. 
and   certain  long-tongued  flies,  in  addition  to  a   larger  company 
of  bees,  visit   and  fertilise  the  flowers ;  the   short,   wide   honey- 
receptacles  of  Symphoricarpos  and  Lonicera  alpigena,  L.,  are  easily 
accessible  even  to  wasps,  which  are  attracted  in  great  numbers  by 
the  large  supply  of  honey  ;  Linnoca  is  furnished  with  an  infundi- 
buliform  corolla,  but  apparently  attracts,  for  the  most  part,  flies ;  in 
Vibicmum  the  honey  is  freely  exposed,  but  only  as  a  flat,  adherent 
layer,  and  the  plant  is  visited  chiefly  by  short-lipped  insects,  e.g. 
flies  and  beetles ;  Samhucus  attracts  a  similar  set  of  insects,  which 
are   less  varied  and  fewer  in  number  owing  to  the  absence  of 
honey;  Adoxa  attracts  only  minute  honey-seeking  insects.      In 
case  of  insect-visits,  cross-fertilisation  is  insured  in  all,  but  in  very 
various  wavs ;  self-fertilisation  in  the  absence  of  insects  is  rendered 
possible  in  those  species  which  are  least  visited.     In  the  least 
specialised  and  most  generally   accessible   CaprifoliaceaB   {Adoxa, 
Sambiccus,  &c.)  the  flowers  are  white  or  greenish ;  in  those  species 
fertilised  by  wasps  they  are  reddish  {Symphoricarpos)   or  reddish - 
brown  {Zonicera  alpigena,  L.) ;  in  several  species  of  Lonicera  fer- 
tilised by  bees  {e.g.  L.  tatarica)  they  are  bright  red,  in  Z.  cotrulea 
they  are  yellowish-white,  but  they  are  pale  in  those  species  which 
have  the  longest  tubes  and  are  adapted  for  crepuscular  Lepidoptera 
(Z.  Periclymenum,  L.  Caprifolium), 
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205.  Galium  Mollugo.  L. — A  fleshy  disk  lying  upon  the  ovary  J 
and  surrouDding  the  base  of  the  style  secretes  honey,  but  in  such 
small  amount  that  it  remains  adhering  in  a  very  thio  layer  to  the 
disk.  In  young  flowers  (Fig.  104,  1)  the  authers  stand  erect  and  are 
covered  all  round  with  poUen,  while  the  two  stigmas  as  yet  lie 
close  together.  Afterwards  the  stamens  spread  out  horizontally, 
and  finally  their  ends  curve  downwards  between  the  petals  outside 
the  flower,  while  at  the  same  time  tiie  two  styles  diverge  (Fig.  104,  2), 
The  stigmatic  papillte  seem  to  be  as  well  developed  in  the  first 
period  as  in  the  second,  and  are  not  unfrequently  covered  with 
pollen  while  the  stigmas  still  stand  close  together.    The  movement 


of  the  stamens  seems  therefore  not  to  bo  accompanied  by  dichogamy, 
but  to  be  the  sole  contrivance  to  prevent  self-fertilisation  and,  in 
case  of  insect- visits,  to  insure  cross- fertilisation. 

The  thin  layer  of  honey  can  scarcely  tempt  long-tongued  insects 
to  repeated  visits.  The  colour  of  the  flowers, — ye  Ho  wish -white  in 
the  bud  and  in  the  young  flower,  becoming  purer  white  afterwards, 
— seems  to  repel  all  those  insects,  r.g.  beetles,  which  are  only 
attracted  by  bright  colours.  In  this  relation  a  comparison  of  the 
insect -visitors  of  G.  Mollugo  and  G.  verum  is  instructive. 

In  this  and  the  following  species  of  Galium  the  pollen  is  con- 
veyed to  the  stigma  chiefly  by  the  foet  and.  in  a  less  degree,  by 
the  praboseides  of  insects  creeping  over  the  inflorescence. 

Visitors:  A.  Diptera— {a)  SimfiomyWir .- (1)  Odnntomyia  viriilula,  F.,Lh., 
not  rare  ;  (6)  Bombylida .-  (2)  Anthrax  flava,  Hffa,  (Thur.),  do.  ;  (3)  SyrtfE- 
choa  BnUoreuB,  Mik.  (Thnr.,  S!d.),  ?.,  probably  boriog  into  the  nectary ;  («) 
Syrph'uirc :  (4)  Syritla  pipien<i,  L.,  ab.,  b.  and  f  p.  ;  (S)  Syrphua  ribesii,  L.,  «. 
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and  tp.,  not  rare  ;  (iJ)  Mutcidte :  (6)  Musca  corrma,.  F. ;  (T)  ScaUipbsga 
merdaria,  F.,  s. ;  («)  Tipulida :  (8)  Pachjrrhina  crocata,  L.,  s,  B.  Hjmenoptcia 
— Sphtgidm:  (9)  Ammophila  aabuloaa,  L.  $,  once  onlf, — I  could  not  see 
whether  it  gained  anything  from  the  flowers.     See  also  Ko.  590,  iii. 

Galium  sUvestre,  Poll. — This  Bpecies  resembles  0.  MoUugo  \a 
the  mecbaiiism  of  its  flower ;  it  is  frequented  on  the  Alps  by 
SyrphidsB  and  by  numerous  Lepidoptera  (No.  609,  Fig.  156). 

206.  Galium  vekdm,  L.— The  structure  of  the  flower  agrees 
closely  with  that  of  G.  Mollugo.  Different  individuals  show  a  very 
marked  difference  in  the  size  of  their  flowers  (Fig.  105, 1 — 4) ;  but 
since  the  flowers  are  rendered  conspicuous  merely  by  aggregation, 
a  diminution  in  their  size  does  not  diminish  the  number  of 
insect-visitors  so  seriously  as  it  does  in  most  cases.  The  apparently 
uDiroportont  circumstance  that  the  flowers  are  bright  yellow,  and 


— DiUo,  tmta  Ui>  dde. 


not  yellowish -white   as   in  (?.  Mollugo,   leads  to  the  plant  being 
visited  by  Coleoptera  in  addition  to  the  other  orders. 

G.  verum  is  very  scarce  near  Lippstadt,  and  I  have  only 
watched  its  flowers  once  or  twice  in  Thuringia  and  in  Sauerland,  so 
I  have  not  obtained  a  long  list  of  insect-visitors. 

A.  Diptera— (o)  Connpidtt :  (1)  Conops  flavipes,  L.  (Sid.)  ;  (6)  Mntcida  .- 
(2)  Ulidia  erythrophthalraa,  Mgn.,  ah.,  Ih.  (Th.).  B.  Coleoptera— (a)  Lamelli- 
fomia:(3)  Cetoniaaurala,  L.,ab.  (Th.)  ;  (b)  Etater>d<r:  (4>  Agriolea  gallicuB, 
Lap.  (Tb.) ;  (c)  iiordeUida! :  (5)  Mordella  fasciata,  F.  (Tii.)  ;  (6)  M.  aculeata, 
L,  (Th.),  C.  Hj-menoptera— 3>n(ftr«fi'niy<e,-  (7)  Tenthredo  rapte,  K.  (Sid.). 
See  also  No.  590,  111, 

Galium  boreale,  L. — This  species  agrees  with  G.  silvestrc  in  regard 
to  the  position  of  its  honey,  its  imperfect  proterandry,  the  relative 
positions  of  stamens  and  pistil,  and  therefore  also  in  the  probability 
of  cross-fertilisation  in  case  of  insect- visits,  and  the  po.ssibility  of 
self-fertilisation  in  absence  of  insects  (590,  609). 


SOS 
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Oalium  boreaU,  L.,  palustre,  L.,  and  uligii 
by  Axell  to  be  proterandrous  (17). 

Galium  tricorm.  With. — Honey  is  abundant,  but  the  small 
isolated  flowers  are  very  inconspicuous  and  very  little  visited. 
They  cannot  dispense  with  the  power  of  self-fertilisation,  which 
takes  place  regularly,  as  the  stamens  do  not  curve  outwards  till 
they  wither  (590,  lU.).^ 

207.  AsPERULA  CYNANCHICA,  L. — Honey  is  secreted,  as  in 
Gcdinm,  by  a  fleshy  ring  surrounding  the  base  of  the  style,  but  it 
exists  not  as  a  smooth  adherent  layer  but  filling  up  the  base  of  the 
tube  ;  the  latter  is  2  mm.  long.  Anthers  and  sti^ouas  mature  sim- 
ultaneously.    The  two  stigmas  stand  close  together  in  the  middle  of 


the  tube;  the  anthers  converge  towards  one  another  in  the  throat  of 
the  corolla.  In  case  of  insect -visits,  cross -fertiliaatinn  is  favoured 
by  this  condition  only,  that  in  consequence  of  the  convergence  of 
the  anthers  the  proboscis  of  an  insect- visitor  is  less  readily  dusted 
with  pollen  in  enlering  a  flower  than  in  being  drawn  out,  and  also 
that  the  proboscis  usually  comes  in  contact  with  pollen  on  one  side 
only  and  rubs  the  stigma  with  the  opposite  side  (cf.  Mt/osotts). 
In  absence  of  insects,  self- fertilisation  occurs  by  part  of  the  pollen 
falling  on  the  atigma.  On  sunny  slopes  iu  Thuringia  (Miihlberg,  near 
Erfurt)  I  found  this  species  bearing  two  different  forms  of  flowers. 
Many  plants  had  smooth,  white,  somewhat  obtuse  petals  (Fig.  106, 
•a  of  Galium  itrB  discosiieil  in  No.  590,  til.  :  O. 
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1,  2) ;  on  other  plants,  the  petals  were  rough  on  the  upper 
surface,  marked  with  a  red  elHptic  line,  and  with  another  red 
line  traverang  the  long  axis  of  the  ellipse,  and  were  produced  at 
the  end  into  a  slightlj  recurred  point, 

ViBitora:  A.  Hymenoptera — Apido):  (1)  Bombns mnBcornm,  F.  (?  (Thur., 
July  8,  1872),  fc  B.  Bipten—Boat^Uda :  (8)  SystcBchuB  aulfurens,  Mik., 
a.  (Thur.,  July  14, 1808).  Additional  visitors  (four  beetles,  six  flies,  two  Lepid- 
opters)  are  enumerated  in  No.  59a,  in. 


Asperula   taurina,   L. — This  plant   is  adapttd   fur   nocturnal 
I^epidoptera  by  its  white   colour,  and  by  its  long,  narrow  tube, 


9  to  11  mm.  long.  The  plant  is  androiuoncDdoua,  and  the  herma- 
phrodite flowers  are  markedly  proterandrous  (609). 

Anemia  azvrea  is  adapted  for  diurnal  Lepidoptera  (sgo.  III). 

Asperula,  odorata,  L.— In  the  structure  of  the  flower  and  the 
length  of  the  tube  this  species  closely  resembles  A.  nynnnchiea. 
The  hive-bee  is  a  frequent  visitor.  Additional  visitors  (four  beetles, 
four  flies,  one  moth)  are  enumerated  in  No.  590,  III. 

Sherardia  arvensis,  L.,  is  gynodioecious  (590,  III.,  605), 

Maneltia,  Mut.,  is  very  diligently  visited  by  humniing-bittjs  in 
South  Brazil  (360). 

Caffea  arabica,  L.,  according  to  Bemouilli,*  produces  in  Guate- 
mala, at  the  beginning  of  the  season,  small  pistillate  fertile  flowers. 
Prof.  Ernst  was  unable  to  discover  these  small  flowers  at  Caracas 
C"4). 

Brazilian  species  of  Borreria,  Hedyotis,  and  Majiettia  are  dimor- 
phic (Fritz  Muller,  353);  Sedyotia  had  already  been  shown  to  be 
dimorphic  by  Treviranus  (742). 

Miickella,  KTiaria,  and  Cinchona  are  dimorphic  according  to 
Darwin  (154,  167). 

Chastdia,  Nerttra,  Ophiorrhiza,  and  Litculia  are  dimorphic 
according  to  Kuhn  (399). 

Other  heterostyled  Rubiacese  are  mentioned  by  Darwin  in  his 
Form3  of  Floipers,  where  he  also  discusses  the  passage  from 
heterosty/j/  to  diacism  in  this  order. 

Faramca,  Aubl. — My  brother  Fritz  Muller  (554)  gives  an  account 
of  a  dimorphic  species  of  this  genus,  which  is  of  interest  in  several 
^  respects.  (1)  It  affords  the  only  knoivn  instance  of  a  striking  dif- 
ference in  the  character  of  the  surface  of  the  two  kinds  of  pollen- 
grains.  The  smaller  poll  en -grains,  which  are  produced  in  the 
long-styled  flowers  (whose  anthers  are  inclosed  in  the  tube),  are 
smooth ;  the  larger  pollen-grains  of  the  exserted  anthers  of  the 
short-styled  flowers  are  covered  witli  short,  rather  close  points, 
which  prevent  their  being  dispersed  by  a  pufi'  of  wind.  The  pollen 
of  the  long-styled  flowers,  lying  low  down  in  the  corolla,  is  in  no 
danger  of  being  blown  away.  (2)  In  the  short-Styled  form  the 
stamens  twist  round  upon  their  axes,  so  as  to  turn  their  pollen- 
covered  faces  outwards.  The  short  stamens  (of  the  long-styled 
flowers)  do  not  rotsite  but  dehisce  on  their  inner  sides ;  and  in  both 
cases  the  pollen  is  thus  placed  in  the  best  position  for  adhering  to 
an  insect's  proboscis  when  inserted  in  the  flower.  But  it  is  a 
very  remarkable  fact  that  this  faculty  of  rotation  is  by  no  means 

■  Bol.  Zriluny,  188B,  p.  17, 
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perfect,  for  many  of  the  long  stamens  do  not  twist  properly,  and 
to  a  great  extent  waste  their  pollen. 

Fosoqueria  {Martha)  fragrana,  Iloxb.,i  has  been  described  by  my 
brother  Fritz  Miiller  (549).^  It  affords  a  most  remarkable  example 
of  adaptation  to  Sphingidae.  The  white  colour  of  the  flowers,  their 
strong  perfume,  the  long,  narrow  tube  11  to  14  cm.  long,  all  point 
it  out  as  such.  The  abundant  honey  at  the  base  of  the  tube  can 
only  be  reached  by  the  tongues  of  Sphingidae ;  and  only  these 
insects,  e.g.,  S.  rttstica,  L.,  whose  proboscis  is  15  mm.  long,  have 
been  seen  to  visit  the  flower  (F.  Miiller,  Oct.  1873). 

The  five  exserted  anthers  are  united  into  an  oval  knob  directed 
obliquely  downwards  and  containing  the  loosely  coherent  pollen 
which  escaped  from  the  anthers  before  the  expansion  of  the  flower. 
The  filament  of  the  inferior  stamen  possesses  a  very  great  elastic 
tension  acting  upwards,  those  of  the  superior  and  lateral  stamens 
have  a  similar  tension  outwards.      The  insect's  proboscis  has  only 
one  available  point  at  which  to  enter  the  flower,  and  when  in  doing 
so  it  touches  one  of  the  superior  stamens  at  a  certain  spot  the 
tension  of  the  filaments  is  released.     The  inferior  stamen  springs 
up  with  such  violence  that  it  hurls  the  loosely  coherent  pollen 
against  the  insect's  proboscis  at  an  angle  of  60°  with  the  tube  of 
the  corolla,  and  with  an   initial   velocity  of  about   3   mm.    per 
second ;  at  the  same  time  it  closes  the  entrance  of  the  tube.      The 
superior  and  lateral  stamens  spring  at  the  same  time  to  the  sides, 
the  empty  anthers  of  a  superior  and  a  lateral  stamen  remaining 
coherent   on   either  side.      About  twelve   hours   afterwards  the 
inferior  stamen  extends  itself  again  and  leaves  the  entrance  to  the 
honey  open  once  more.     If  a  hawk-moth,  after  exploding  a  flower 
in  the  male  stage,  comes  to  one  in  the  stage  under  consideration, 
it  is  repaid  for  its  startling  reception  in  the  former  case  by  a  rich 
supply  of  honey ;  and  in  thrusting  its  pollen-dusted  proboscis  down 
to  the  base  of  the  flower  it  brings  it  in  contact  with  the  stigma 
which  stands  in  the  middle  of  the  tube. 

My  brother,  in  his  paper  on  Faramea  (554),  refers  again  to 
Fosoqueria,  and  points  out  that  most  of  the  flowers  (whose  only 
fertilisers  are  abroad  in  the  evening)  open  towards  evening,  but 
that  a  considerable  number  open  at  various  hours  of  the  day, 
sometimes  even  in  early  morning,  and  that  these  arc  exploded 
by   diunial    insects   which    cannot   eSect   fertilisation.       This   is 

*  Griffiihia  ftagrans,  W.  A. 

^  Dan^'in  wrote  to  me  :    **  Vour  brother's  paper  on  Martha  is,  I  think,  one  of  the 
most  wonderful  ever  written." 
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•aotber  InteratiDg  caAe  of  an  wla]i>tiFe   modificatioa  imperiectly 

tained. 

The  Babiaoex  indiKle  more  dimorptuc  (lieteTOS^ted)  geaen 

I  tltaa  an;  other  onler.      Darwin  (167)  dtscnsoes  man;  of  Hneab 

CMes,  eDDmeisting  seTenteen  dimorphie  genera,  ia  additioii  to  which 

Cluaatia,  Oommeni,  OphiorrMiza.  L^  and  Luculia,  Sweet,  are  nen- 

1  b;  Knhn  (399).      Darwin  disciuses  the  probable  transitioii 

■  from  beterostfltsm  to  di-scism  in  Bubiareae.    MUAtlU.  L.,  which  is 

normally  betertetyled,  is  in  soroe  places  dicBcious  (Met-haa,  465)- 

Atpemla  teoparia,  Hoob^  and  A.  pvxdla,  Hook^  two  Tasmaniati 

species,  were  stated  by  Treviranus  (742)  to  be  dimorphic,    but 

according  to  Darwin  the  former  at  any  rate  is  dicecioas.      Oar  own 

Atptruia   taurina.   L.,   and    Galium   tnicialnm.   With.,   are   both 

aodromonoecious,  and  S/urardia  amngis,  L.,  is  gynodiiecious  (605). 


Oao.   VALERIASE£. 

Delpino  in  his  work  on  tbe  Art«iiiisiac«3e  rightly  insists  that  the 
calyx  in  Compositic  couM  only  become  transformed  into  a  pappus 
after  the  involiicral  bracts  had  assumed  tbe  usual  functions  of  a 
calyx  ;  and  be  considers  the  Valerianeic  to  be  offshoots  of  the  Com- 
positce,  which  have  in  part  retained  this  hereditary  development  of 
a  pappus,  and  in  part  have  a»^uired  other  means  of  dissemination 
of  the  seeds  by  the  wind. 

208.  Valehiana  officinalis,  L.,1  is  distinctly  proterandrous. 
The  florets,  in  spite  of  their  small  eize,  are  rendered  conspicuous  by 
aggregation.  In  each  floret  the  tube  is  4  to  5  mm.  long,  and  half 
a  millimetre  from  the  base  is  a  small  pouch  with  a  green,  fieahy 
floor,  which  secretes  and  lodges  the  honey ;  this  is  accessible  to 
numerous  insects  with  moderately  short  proboscides,  especially  as 
the  tube  widens  nbove  to  a  diameter  of  2  mia.  Insect-visits  are 
numeroua  and  various,  and  the  v-ell-marked  dichogamy  ensures 
cross- fertilisation  in  case  of  in  sect- visits.  In  the  first  period  the 
anthers,  covered  all  round  with  pollen,  in  the  second  the  three  out- 
spread stigmas,  project  freely  from  the  flower,  and  are  touched  by 
the  feet  and  under  surfaces  of  insects  creeping  over  the  inflorescence 
and  by  the  heads  of  insects  sucking  honey  from  the  florets ;  in  tb« 
second  period  the  anthers  are  bent  away  outside  the  floret,  I 
Iiave  never  seen  florets  which  fertilised  themselves  ;  stigmas  which 

'  Tomwc  Sl.wliRi.1,  Xn.  702,  pp.  63-fl,S. 
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come  in  contact  with  the  anthers  of  neighbouring  flowers  are,  on  the 
other  hand,  not  uncommon. 

Visitors  :  A.  Hymenoptera — Apidcs :  (1)  Apis  mellifica,  L.  § ,  ab. ;  (2) 
Bombus  pratorum,  L.  $ ,  a.  ;  (3)  a  small  Halictus,  $  (^ ,  s.  B.  Diptera — (a) 
Tabanida :  (4)  Tabanus  luridus,  Pz. ;  (6)  Ehnpidce :  (5)  Empis  livida,  L. ;  (6) 
K  mstica,  F.,  both  species  very  ab.,  s. ;  (c)  Syrphidce :  (7)  Eristalis  nemorum, 
L.  ;  (8)  £.  arbustorum,  L.  ;  (9)  £.  sepulcralis,  L. ;  (10)  E.  horticola,  Mgn. 
(Sid.)  ;  all  four  species  iJb.j  f.p.  ;  (11)  Volucella  bombylans,  L. ;  (12)  Helo- 
philus  floreus,  L. ;  (13)  H.  pendulus,  L. ;  (14)  Syritta  pipiens,  L. ;  (15)  Chry- 
sotoxum  festivuni)  L.,  all  sometimes  s.,  sometimes  f.p ;  {d)  Conopida :  (16) 
Sicus  ferrugineus,  L.,  s. ;  (e)  Muscida :  (17)  Sarcophaga  camaria,  L.  ;  (18) 
Onesia  flonJis,  K  D. ;  (19)  Lucilia  comicina,  F.  ;  (20)  Musca  domestica,  L. ; 
(21)  Calliphora  erythrocephala,  Mgn. ;  (22)  C.  vomitoria,  L.,  all  ab.,  s.  See 
also  No.  590,  m.  I  have  found  it  visited  on  the  Alps  by  one  beetle,  sixteen 
species  of  Coleoptera,  and  fifteen  Lepidoptera  (609). 

209.  Valeriana  dioica,  L.^ — ^oney  is  secreted  as  in  the 
previous  species,  but  cross-fertilisation  is  ensured  not  by  dichogamy, 
but  by  dioecism.  The  male  flowers,  being  notably  larger  than  the 
female,  are  almost  always  visited  first  by  the  insect,  as  I  have^ 
repeatedly  observed.  Sprengel  insisted  rightly  that  in  this  order 
alone  could  the  insect-visits  be  useful  to  the  plant.  In  the  male 
florets  the  tube  is  2|^  to  31  mm.  long,  widening  above ;  in  the 
female  it  is  only  1  mm.  long,  so  that  in  both  the  honey  is  accessible 
to  insects  with  very  short  proboscides.  The  capitulum  is  much 
less  conspicuous  than  in  V.  officinalis,  but  the  flowering  period  is 
so  early  that  the  plant  is  exposed  to  much  less  competition.  Insect- 
visitors  are  less  various  than  in  the  previous*  case,  but  still  fairly 
numerous.  In  this  plant  there  are  four  kinds  of  individuals,  with 
four  diflferent  kinds  of  flowers :  (1)  male  flowers  without  any  rudi- 
ment of  a  pistil,  and  with  large  corollas ;  (2)  male  flowers  with 
a  rudimentary  pistil,  and  a  somewhat  smaller  corolla ;  (3)  female 
flowers  with  evident  traces  of  anthers,  and  with  still  smaller  corollas ; 
(4)  female  flowers  with  scarcely  visible  traces  of  anthers,  and  with 
the  smallest  corollas  of  all  (No.  584,  p.  131). 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  9,8,  very  ab.  ; 
(2)  Andrena  albicans,  K.  9*  ^req.  B.  Diptera — (a)  Syrphidce:  (3)  Eristalis 
arbustorum,  L.,  s.  ;  (4)  Rhingia  rostrata,  L.,  f.p.  ;  (6)  Tipulidce :  (5)  Tipula, 
sp.,  8.  C.  Lepidoptera — Rhopalocera :  (6)  Pieris  napi,  L.,  s.  D.  Coleoptera — 
NitidulidcR :  (7)  Meligethes,  very  ab. 

Valeriana  montana,  L.,  is  gynodioecious,  some  plants  having 
distinctly  proterandrous,  hermaphrodite  flowers  with  a  large  corolla, 

^  Compare  Sprengel,  No.  702,  pp.  65-67. 
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otliers  liaYing  only  fetoiUe  flowers  with  a  small  corolla.  The  latter 
retain  their  stameoB  is  an  apparently  almost  perfect  form,  but  their 
anthers  do  not  contain  a  ^ngle  grain  of  pollen  (6og). 

Valfriana  tripferis,  L.,  is  dicecious.      In   this  species  also  there  , 
are  large-fiowered  and  small-flowered  plante,  but  the  larger  flowers 
are  not  hermaphrodite  as  in    F.  moittana,  but  male  only ;  they 
retain  a  style,  but  stigmatic  |;»pillai  are  not  developed  (609). 

These  four  species  of  Valeriana  form  an  interesting  series  : — 
V.  oJicinalU,  with  one  kind  of  individual  only,  and  proterandroits 
hermaphrodite  flowers ;  V.  montana,  with  large-flowered  and  small- 
flowered  individuals,  the  anthers  in  the  latter  being  abortive ; 
V.  tripUris,  in  a  sdrailar  condition,  but  with  the  pistil  in  the  large- 
flowered  individuals  rudimentary  also;  finally,  V.  dioica,  also 
dioecious,  but  exhibiting  four  differant  kinds  of  individuals  (609). 

Valeriana  cordi/olm,  L.,  is  distinctly  proterogynous,  according  to 
Bicca  (665). 

Centranihua  ruber,  D.C.,  and  Fmlia  comticopitr,  are  distinctly 
proterandrous,  according  to  Delpino  (178). 

Valtrianella  olUoriu,  Much. — I  have  found  this  plant  visited 
by  four  Coleoptera,  eighteen  Diptera,  one  Hemiptera,  eleven  Apidie, 
and  two  Lepidoptera  (590,  in). 

Okd,   DirHACK.K. 

Mnriiuf  f/fjM/Ls.— The  stigma  is  developed  at  the  same  time 
as  the  anthers,  but  overtops  them,  so  that  insect-viaitors  touch  first 
the  stigma  and  then  the  anthers,  and  usually  effect  cross-fertilisation. 
In  the  absence  of  insects  the  stigina  curls  inwards  so  as  to  touch 
"the  anthers  and  lead  to  self-fertilisation  (356)- 

210.  DlPSACCS  siLVESTRis.  L.— The  tube  is  9  to  11  mm.  long; 
the  flower  is  markedly  proterandrous ;  the  Style  divides  into  two 
branches,  whose  inner  surfaces  are  closely  covered  with  stigmatic 
papillse,  but  one  of  which  is  always  partly,  and  sometimes  entirely, 
aborted.  The  bracts  stand  up  from  the  convex  head  as  stiff,  shaq> 
spines ;  they  distinctly  overt:op  the  anthers  and  stigmas  and  pre- 
vent them  from  being  touched  by  the  ventral  surface  of  a  bee 
creeping  over  the  inflorescence.  The  anthers  and  stigmas  are  only 
touched  by  the  bee's  head  as  it  is  inserted  in  the  flower ;  and  in 
this  process  one  stigma  is  in  the  way  of  the  other,  and  the  whole 
stigmatic  surface  of  one  is  much  more  thoroughly  rubbed  by  the 
bee's  head  when  the  other  is  absent.      We  .«eem  to  have  here  in 
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the  abortion  of  one  stigma  an  adaptive  modification  in  progress 
and  not  yet  perfected. 

(1)  Bombua  rupestria,  L.  ?  (12—14)  ;  (2)  B.  lapidariuB,  L.  (J  5  $  (8—14), 
ah.,  {(J  aa  laUi  U8  October  2) ;  (3)  B.  agrorum,  F.  !J  $  (12—15),  all  three 
species  sucking.    See  also  No.  590,  ill. 

211.  ScABiosA  (Knaotia)  ARVENS13,  L, — In  fine  weather  the 
flowers,  owing  to  their  great  conspicuousness  and  their  easily 
accessible  honey  and  poUen,  are  visited  by  very  miscellaneous 
insects  in  great  numbers.  Cross-fertilisation  is  ensured  by  markedly 
proterandrous  dichogamy,  And  in  the  unlikely  event  of  insect-visits 
not  taking  place,  self-fertiUsation  is  very  unlikely  to  occur. 


DC  tabe  of  tb«  corolla  (x  >| 
ditto,  cDiptj  lod  ilulvelliiig 


About  fifty  flowers  unite  in  a  capitulum  which  may  be  hemi- 
spherical or  only  slightly  convex,  and  become  gradually  larger 
from  the  centre  to  the  margin  by  an  increasing  development  of  the 
outer  lobe  of  the  corolla.  While  in  the  central  florets  the  tube  is 
only  I  to  6  mm.  long,  and  the  lobes  of  the  corolla,  which  are  all 
similar,  oiily  3  to  4  mm.  loug,  in  the  mai^inal  florets  the  tube  is 
7  to  9  mm.  long,  the  external  lobe  of  the  corolla  6  to  11  mm.,  each 
of  the  two  lateral  lobes  4  to  7  mm.,  and  the  internal  lobe  only  3  to 
4  mm.  long. 

In  spite  of  the  length  of  the  tube  the  honey  is  easily  accessible 
to  a  very  large  number  of  insects  of  the  most  various  orders ;  foi 


easily  accessible,  for  tlie  stamens,  which  are  a 
the  bud,  straighten  themselves  after  the  flowei 
4  to  5  mm.  beyond  the  tube,  with  the  pollen-i 
anthers  directed  upwards.  Thus  the  flower  ofl 
to  insects  whether  in  quest  of  houej  or  of  poll 
that  the  close  aggregation  of  the  flowers  preve 
passing  from  one  to  another.  Honey-seeking 
to  make  repeated  visits  to  the  same  capitul 
development  of  the  florets  and  by  the  length  o 
they  secrete  honey;  pollen-seeking  insects  i 
repeat  their  visita,  because  the  anthers  in 
develop  simultaneously  but  one  by  one  {Fig.  li 
The  style  elongates  after  all  the  stamens  h 
its  immature  stigma  stood  previously  iu  the  i 
but  now  protrudes  4  to  5  ram.  from  the  i 
mature  (a,  2).  The  empty  anthers,  if  they  ha' 
by  the  insects,  as  frequently  happens,  are  retr 
of  the  flower  by  the  filaments  shrivelling  i 
capitulum  the  florets  open  and  the  anthers  di 
from  the  circumference  towards  the  centre ; 
begin  to  elongate  and  the  stigmas  to  develop  i 
on  the  capitulum  have  completed  their  de^ 
almost  simultaneously  throughout  the  capituli 
whole  capitulum  is  at  first  mate,  and  later, 
taken  place,  wholly  female,  cross-fertilisation  •■ 
between  separate  capitula  in  case  of  insect-vls' 
stigmas  on  a  capitulum  develop  simultaneous! 
succeed  each  other  very  gradually,  cross-fertiU 
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If  these  female  plants  flowered  earlier  than  the  hermaphrodites, 
so  that  their  stigmas  were  mature  cotemporaneously  with  the 
anthers  of  the  first  hermaphrodites,  then  their  origin  might  be 
explained  on  the  principle  of  economy,  as  a  saving  of  the  first 
stamens  which  have  no  stigmas  to  fertilise.  If  the  female  capitula 
were  less  conspicuous  than  the  others,  the  same  explanation  might 
be  applied  in  this  case  as  I  have  put  forward  in  describing  Thymus 
and  Glechoma.  But  here  neither  the  one  fact  nor  the  other  is  true  ; 
but  the  female  heads  are  just  as  conspicuous  as  the  others  and 
develop  cotemporaneously  with  them.  I  can  only  account  for 
their  existence  by  the  very  great  difierence  between  the  duration 
of  the  stigmas  in  the  hermaphrodite  capitula  and  the  length  of 
time  that  the  anthers  are  covered  with  pollen. 

It  is  of  special  importance  for  Scahiosa  arvensis  that  the  anthers 
on  the  same  head  should  develop  gradually  throughout  several 
days,  and  that  the  stigmas  should  ripen  all  on  the  same  day,  almost 
simultaneously.  For  owing  to  the  first  character  there  is  never  a 
lack  of  pollen,  and  owing  to  the  second,  as  soon  as  a  few  sunny 
hours  occur  and  bring  out  the  insects,  in  a  very  short  time  all  the 
stigmas  on  a  capitulum  are  fertilised  with  pollen  from  another. 
Both  characters  together  are  therefore  of  use  to  the  plant  in  the 
changeable  and  often  continuously  rainy  weather  of  our  summers. 
But  when  a  spell  of  sunny  weather  appears  the  number  of  herma- 
phrodite flowers  in  the  male  condition  must  always  be  much 
greater  than  in  the  female  condition ;  the  pollen  of  many  heads 
must  be  wasted,  and  it  must  be  an  advantage  to  the  plant  if  in 
some  cases  the  stamens  are  aborted  and  the  stigmas  come  so  much 
the  quicker  to  maturity.  As  every  character  of  advantage  for  the 
maintenance  of  the  species,  which  appears  accidentally  as  an 
abnormality,  can  and  must  be  retained  by  natural  selection,  so  in 
Scahiosa  arvensis,  abortion  of  the  stamens,  occurring  accidentally 
in  certain  plants,  must  have  been  perpetuated  and  intensified. 

The  power  of  self-fertilisation  is  not  quite  lost  in  the  herma- 
phrodite plants ;  for  in  capitula  allowed  to  flower  in  the  house  and 
left  untouched,  many  of  the  stigmas  as  they  grow  up  may  be  seen 
to  come  in  contact  with  anthers  still  dusted  with  pollen.  But  as 
a  rule  insect-visits  are  so  numerous  that  self-fertilisation  can 
only  come  into  action  in  long-continued  bad  weather. 

Visitors  :  A.  Hymenoptera — (a)  Apidty :  (1)  Apis  mellifica,  L.  ^  (^))  ft^>» 
a.,  more  rarely  c.p.  ;  (2)  Bombus  hortorura,  L.  (J  9  9  (^7 — 21)  ;  (3)  B.  terres- 
tris,  L.  9  ^  (7—9)  ;  (4)  B.  lapidariuR,  L.  ?  (10—12)  ;  (5)  B.  pratoruiii,  L. 
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i  ?  J  (9—11)  ;  (6)  B.  Riyelliw,  lU.  J  (10)  ;-i;7)  B.  tmroruin,  F.  ?  (12—15)  ; 
(B)  B.  hypnorum,  L.  ^ ;  (9)  B.  ailvMTim,  L.  $  ?  (12—14)  ;  (10)  B.  rupeatrw, 
L.  ?  (13—14)  ;  (11)  B.  vealaliB,  Foure.  ?  (12)  ;  (12)  B,  (ampeslriB,  Pz.  S  6 
(10—12) ;  (13)  B.  BwbuteUus,  K.  J  ?  (12)  ;  aU  tliese  Lumble-beas  only  s. ; 
(14)  Aadrena  Hattorflaaa,  F.  j  5  (8—7),  *.  and  cp. :  it  confiaes  itself  dlmost 
excluBively  Ui  tbia  tlover,  and  I  have  only  once  taken  a  male  on  Joaione 
montana,  and  a^aln,  a  fvmale  un  Diaiithus  Carthiuiiaiiorum,  a.  ;  (15)  Andrena 
Qwynana,  K.  ?  (2J),  cp.  ;  (16)  Halictue  albipes,  F.  5 ;  (17)  H.  leuooxoninK, 
Bchk.  J  (4) ;  (18)  H.  cylindricuB,  F.  ?  <J  (3-^) ;  (19)  H,  sexnolatus,  K.  ? 
(4)  ;  the  speoiei  of  HalicHia  sometiniea  a.,  aometimea  cp.  ;  (20)  Noiuada  Fabri- 
Ciuna,  L.  ?  ;  (31)  N.  lineola,  Pz.  ?  (J  (6)  ;  (22)  N.  Jacobaeae,  Pz.  ?  j  (23)  N. 
armata,  Sohwff.  j  ;  (34)  M^achUe  WiUughbieUa,  K.  J  ;  (25)  M.  maritima,  K. 
(J  ?,  freq.  i  (26)  M.  drcumcincta,  K.  •}  3  ;  (27)  M.  uentuncularie,  L.  ^  ;  (28) 
Bipbysig  serratul^  Pz.  f  ^,  very  ab.,  like  all  the  speciea  of  Nomada  and 
Megachile,  only  suokinn  ;  (29)  Oamia  fuIviventriH,  Pz.  ?,  cp.  ;  (30)  O.  Eenea, 
L.  tj ,  B,  ;  (31)  Otelioxya  qaadrideutat^^  L.  (J  ? ,  ab.  ;  (33)  0.  conoidea,  IlL  ?  ; 
(33)  Heriades  truncoruni,  L.  3;  (34)  Swlis  breviuacala,  Nyl  (J,  llie  last 
four  apecieg,  s. ;  (6)  Sphrgida :  (35)  Benibex  rostrata,  L.  (7)  ;  (30)  P«anunophiIa 
affinis,  K.  ?  (5)  ;  (37)  Pa.  viatica,  L.  J  (4),  all  B.  ;  (r)  Vetpidtt:  (38) 
Odynema  parietiim,  L.  $  (3),  a.  B.  Diplera— (o)  EmpUla;:  (39)  Empis 
tessalata,  F.  (3,  4) ;  (40)  E.  livida,  L.  (2J— 3),  both  very  ab.,  s. ;  (t)  Syrpbidm  .- 
(41)  EriBtalia  tenax,  L.  (7,  8)  ;  (42)  E.  arbuslorum,  L.  (4,  6) ;  (43)  E. 
nemoniin,  L.  ;  (44)  E.  intricarius,  L. ;  (4S)  Rliinfiia  rostrata,  L.  (11,  IS); 
(46)  Voluoella  bombylana,  L.  ;  (7,  8)  ;  (47)  V.  plumata,  L.  ;  (48)  V.  pelluMn^ 
L.  (Sid.),  all  these  Syrpbida!  ab.,  's.  and  f.p.  ;  (49)  SyrphuB  ribesu,  L.  (3,  4), 
f.p.  ;  (k)  Conopiflie:  (50)  Sicua  ferrngineus,  L.,  ab.,  b.  ;  (d)  Mutcida:  (51) 
Echinomyia  tesselata,  F. ;  (52)  Ocyptera  cytindrica,  F. ;  (53)  Micropalpua 
fulgena,  Mgn.,  all  three  a.  C.  Lepidoptera— (a)  Rhopalocera:  (54)  Coliaa 
hyale,  L.  (Th.),  ab.  ;  (55)  Vaneiwa  urticw,  L.  (12)  ;  (56)  Satyrus  Janira,  L. ; 
(57)  S.  Medea,  3.  V.  (Sid,);  (58)  Papilio  Machaon,  h.  (16);  (59)  Hesperia 
lineola,  0.  ;  (6)  Sphingida ;  (60)  Zyga?na  lonicerte,  Esp.  (Th.),  ab.  ;  (61)  Ino 
BtaticpB,  L. ;  (<■)  iVoeftKe .-  (62)  Mameatra  aerena,  S.  V.  ?  (Th.)  ;  (S3)  Euolidia 
glyphica,  L. ;  (rf)  Ti nnno  ;  (64)  Adelaep.,  veryab.,  Bomeliines  aa  many  aafonr 
on  one  capitulum.  D.  Coleoptera— (a)  Nitidulidte :  (65)  Meligethee,  ah.,  f.p.  ; 
(6)  Phalacruio! :  (66)  Olibrua  bicolor,  F.,  f.p.  ;  (c)  Layiallicomia  :  (67)  Hoplia 
philauthuB,  Suli.  (Sid.),  feeding  on  the  organn  of  the  flower  ;  (68)  Trichiiw 
faaciatna,  L.,  very  ab.,  feeding  on  the  tlsauea  and  also  pairing  on  the  flowers j 
{d)  Cerambydda :  (69)  TosotuH  nieridianna,  L..  (Siebengeb.)  ;  (70)  Pachyta 
octomaculata,  F.  (Sid.) ;  (71)  StraiigBliaatni,F.,  (Siebengeb.) ;  (73)  Str.  armata, 
Hbst  (Siebengeb.) ;  (73)  Str.  attennato,  L. ;  (74)  Str.  melanura,  L. ;  (76) 
Leptura  livida,  F.  ;"ieBe  Cerambycid^  feed  on  pollen  and  on  the  anthera, 
and  those  with  Email  heads,  especially  Str.  atl«nuala,  also  suck  honey  ;  (e) 
Chry»omflida: :  (76)  Cryptocephalua  sericeus,  L.,  feeding  on  Ibi:  parts  of  the 
flower 
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Altogether,  I  have  observed  upon  Scabio9a  airvensis,  L. 

• 

Apidflo. 

1 

Lepidoptera.-     Diptera. 

1 

Other  Insects 

Total. 

In  Low  Germany    ... 

45 

19 

17 

20 

loa 

45 

On  the  Alps 

10 

22 

9 

4 

That  is  to  say,  in  each  hundred  species  of  visitors  we  have  : — 


Apidse. 

Lepidoptera. 

Dlptera. 

other  Inaecte. 

Total. 

In  Low  Germany    ... 

44*6 

18-8 

16-8 

19-7 

100 

On  the  Alps '       22*2 

48-9 

200 

8-9 

100 

{Vide  No.  609,  pp.  399.  400  :  No.  590,  ill.,  pp.  76,  77.) 

212.  SCABIOSA  SUCCISA,  L. — The  hemispherical  capitulum  con- 
sists of  fifty  to  eighty  florets,  nearly  equal  in  size,  which  develop  in 


Fio.  109.— <8eaMo«a  nteei$a,  L. 

1. — Flower,  before  dehiscence  of  the  anthers  (after  removal  of  the  epicalyx). 
2. — Ditto,  after  the  anthers  have  dehisced. 
3.— Ditto,  in  female  stage. 


centripetal  order.  Honey  is  secreted  by  a  small,  fleshy  ring  above 
the  ovary,  surrounding  the  base  of  the  style,  and  collects  in  the 
narrow,  smooth  base  of  the  tube.  The  tube  is  3  to  4  mm.  long, 
and  above  the  smooth  honey-containing  portion  it  is  lined  with 
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hair»  to  exclude  rain.  The  honey  is  accessible  to  short-lipped 
insects,  especially  aa  the  tube  widens  superiorly  to  a  diameter  of 
2  mm.  at  the  mouth,  and  the  four  (rarely  live)  rounded  lobes  of  the 
corolla,  of  which  the  external  is  the  largest,  are  easily  thrust  apnrt^ 
On  the  damp,  unproductive  spots  where  Scabiosa  sticcim  chiefly 
grows,  its  blue,  hemispherical  beads,  about  20  mm.  in  diameter, 
are  among  the  moat  conspicuous  flowers;  and  in  sunny  weather 
until  the  middle  of  September,  they  are  visited  by  very  numerous 
insect.9,  and  are  regularly  cross- fertilised  owing  to  their  pro- 
terandrous  dichogamy.  When  the  flower  opens  the  stamens  which 
were  bent  inwards  in  the  bud  straighten  themselves  one  by  one ; 
then,  while  as  yet  the  style  scarcely  extends  beyond  the  mouth  of 
the  coroUa  (Fig.  109, 2),  the  anthers  dehisce  in  succession ;  only  when 
the  stamens  are  completely  withered,  and  the  anthers,  if  insect- 
visits  have  taken  place,  are  shaken  off  (Fig.  109,  3),  does  the  style 
attain  its  full  length,  and  the  stigma,  a  little  later,  becomes  viscid. 
Self- fertilisation  can  theiefore  only  occur  exceptionally,  if  at  this 
time  an  anther,  still  dusted  with  pollen,  comes  by  accident  in  contact 
with  the  stigma.  In  plants  flowering  in  my  room  I  have  observed 
this  to  take  place  not  unfrequently,  but  never  in  the  open  air. 

Vwilora  :  A.  Hymenoptera— .i/fii/w  .■  (1)  Apis  mellifiea,  L.  5iB.ftndpp., 
ab.  ;  (2)  Bombus  Bilvorura,  L.  ?  5  ^  (as  late  ae  Oct.  7)  ;  (3)  B.  kpiilarius,  L., 
IJ  (J ;  (4)  B.  agmnim,  F.  t?  (J  (both  as  kte  as  Oct  15,  1871) ;  (6)  B-  senilis, 
Smith,  5  i  ;  (6)  B.  terreatiTB,  L.  $  ^  ;  (7)  B.  pratoruiu,  L.  ?  ;  (8)  B.  vestaliis 
Fciure.  9  tl ;  B.  rupestrig,  L.  $  (Oct  15.  1871),  all  very  ab.,  s.  ;  (10)  Amlrena 
C'etii,  S[;hrauk.  ?,c.p. ;  (11)  A.  convexiuscula,  K.  £;  (12)  Halictus rubicund ua, 
Christ  $,  c.p.  ;  (13)  H.  leucozonius,  Sthrank,  $  ;  (14)  H.  cyliniiriciis,  F.  <J, 
■ill  freq.  B  Diptem — («)  Bomhylidat :  (15)  Exopnwopa  capucinn,  F.,  ab.  in 
July ;  {b)  f^j/rphida  :  (16)  Helopbiliis  pendulus,  L.,  ab.,  also  pairing  on  tlie 
flowera  (Sept.  4,  1870)  ;  (17)  EriBtalts  arbuBtonim,  L. ;  (18)  E.  ncmunun,  L.  ; 
(19)  K  tcnax,  L.  (beginnin);  of  November)  all  ab.,  s.  and  f.p. ;  (SO)  E. 
intricarius,  L.,  Bctircer;  (21)  SjrphuB  pyrastri,  L.,  b.  and  f.p.  ;  (22)  Rliingia 
niBtrnta,  L.,  B. ;  (c)  Empinlie:  (23)  Empialivido,  L.,  p.,  very  ab.  ;  (<J)  Mutcidtg; 
(i4)  Speciea  of  Lucilia;  (25)  Musca  cornicina,  F.  C.  Lepidnptera— (a) 
Rhapalocera  :  (26)  Pieria  rapte,  L.,  ab.  ;  (27)  Salj-nia  Jonira,  L.  ;  (28)  Polyoni- 
matue  Phlceas,  L.,  very  ab. ;  (6)  Noctwn :  (26)  Flueia  gamma,  L.,  ab. ;  (e) 
CramUna  :  (30)  Botys  pnrpumliB,  L..  all  b.  D.  Coleoplera — CkryaomBlido!  : 
(31)  Cryplocephnlus  sericetis,  L.,  feeding  on  tlie  oi^na  of  the  flower.    See  alao 

Nn.  S90,  IIL 

This  species,  also,  has  been  shown  to  include  female  as  well  as 
hermaphrodite  plants  in  England  by  Darwin  (167),  in  France  by 
Lecoq,'  and  in  Germany  by  Magnus  (449). 

*S'.  airopurpv.rca,  L.,  also,  is  gy nod ioec ions  (167). 

'  (reoffm.pliic  fciCnnijiii',  1857,  vi. 
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213.  ScABiosA  Columbaria,  L. — This  species  for  the  most 
part  resembles  S.  arvensis  in  the  structure  of  its  flower,  but  besides 
the  five4obed  corolla  it  presents  the  following  noteworthy  differ- 
ences. In  8.  arvensis  the  florets  increase  in  size  from  the  centre  to 
the  circumference  of  a  capitulum,  but  in  S.  Columbaria  this 
gradual  increase  is  much  less  marked,  though  in  the  marginal 
florets  the  lobes  of  the  corolla  are  largo  and  oouspicuous.  Thus  in 
one  specimen,  which  I  examined  closely,  the  tube  in  the  marginal 
flowers  was  6  mm.  long  and  2  to  2.j  mm.  wide  at  the  mouth ;  the 
external  lobe  of  the  corolla  was  7  to  8  mm.  long,  the  lateral  were 
6  mm.,  the  internal  2  to  3  mm.  In  the  florets  of  the  disk,  imme- 
diately contiguous  to  these  marginal  florets,  the  tube  was  5  mm. 
long  and  2  mm.  wide  at  the  mouth,  and  the  lobes  of  the  corolla 
were  respectively  3,  2,  1^  mm.  long;  finally,  in  the  central  florets 
of  the  capitulum  the  tube  was  still  4  mm.  long  and  1^  mm.  wide 
at  the  mouth,  and  the  lobes  of  the  corolla  were  1  to  2  mm.  long. 
In  consequence  of  the  smaller  size  of  the  central  florets  and  the 
slight  increase  of  size  from  the  centre  towards  the  margin,  many 
more  florets  find  room  on  equal  space  in  S,  Columbai^ia  than  in 
S,  arvensis.  So,  although  the  capitiila  in  S.  Columbaria  are  distinctly 
smaller  than  in  S.  arvensis,  they  contain  half  as  many  florets  again 
(seventy  to  eighty). 

I  have  never  found  plants  with  abortive  stamens  in  S.  Colum- 
laria. 

This  species  only  occurs  near  Lippstadt,  in  one  locality  and  in 
small  amount,  so  I  have  had  little  opportunity  of  watching  its 
insect-visitors. 

A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  5 »  s**  oh. ;  (2)  Bombua 
lapidarius,  L.  (J ,  very  freq.,  s.  B.  Diptera — (a)  Syrphidos :  (3)  Eristalis  tenax, 
L. ;  (4)  E.  nemorum,  L. ;  (5)  Helophilus  trivittatus,  F.,  all  three  species  ab.,  s., 
and  f.p.  ;  (6)  Conopidce  :  (6)  Sicus  femigineus,  L.,  s.  A  list  of  Alpine  visitors 
(six  flies,  eight  bees,  and  twenty-eight  Lepidoptera)  is  given  in  No.  609,  p.  400. 

Scdbiosa  lucida,  Vill.,  is  visited  by  butterflies  and  Syrphidse 
(609). 

Ord.  COMPOSITjE. 

The  numerical  preponderance  which  this  family  has  attained 
in  species  and  genera,^  and  the  extreme  abundance  of  many  of  the 
species,  are  due  to  the  concurrence  of  several  characters,  most  of 

*  In  Dr.  Ludwig  Vfeiffer^B  Syvanywia  Botanicn  over  10,000  genera  of  I'hanerogaiuH 
ftre  ennnierated  ;  of  these,  over  1,000  belong  to  the  ComprsiUe. 
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which,  singly,  or  in  some  degree  combiDed,  we  have  become 
acquainted  with  iu  other  families,  but  never  in  such  happy  com- 
bination as  in  the  Compo&itse.  The  following  points  deserve 
special  mention :  (1)  the  close  association  of  many  flowers ;  (2)  the 
accessibility  of  the  honey,  as  well  as  its  plentiful  secretion  and  1 
its  security  from  rain ;  (3)  the  possession  of  a  pollen-mechanism, 
which  renders  cross- fertilisation  certain  in  the  event  of  insect- 
visits. 

1.  The  association  of  many  flowers  in  one  head  is  advantageous,  ' 
for  the  following  reasons ; 

(a)  The  flowers  are  rendered  much  more  conspicuous,  and  are  I 
accordingly  more  visited  by  insects.  Conspicuousness  is  in  most  I 
cases  increased  still  further  either  by  the  florets  being  directed  J 
outwards  {CytiaToidea:),  or  by  the  limb  of  the  corolla  developing  , 
into  a  long  lobe  directed  outwards,  both  of  which  phenomena  i 
become  more  marked  towards  the  margin  of  the  capituluni  j  ' 
or  by  tlie  marginal-  florets  becoming  largo  coloured  radiating  1 
Jaminsf,  at  the  expense  of  the  stamens  or  of  both  stamens  and  j 
pistil  (Asteroidfir) ;  or,  finaMy,  by  the  innermost  bracts  performing  j 
this  function  (Carlina). 

(b)  Insects  can  fertilise  numerous  flowers  with  much  lees  loss 
of  time  than  when  the  flowers  are  separate;  and  so  the  chance 
of  being  fertilised  is  increased  for  every  flower  in  the  same  ratio. 
The  florets  of  the  disk  usually  constitute  a  flat  surface  over  which 
the  insect  crawls,  and  from  which  the  reproductive  organs  protrude 
far  enough  to  permit  simultaneous  fertilisation  of  many  florets. 

(c)  As  the  involucre  of  the  whole  capitulura  plays  the  part 
of  a  calyx  in  protecting  the  flowers,  the  calyces  of  the  separat«» 
florets  can  be  dispensed  with  entirely,  or  they  may  be  adapted 
for  a  new  and  important  purpose  by  being  transformed  into 
structures  which  aid  the  dispersion  of  the  seeds  by  the  wind,  or 
into  barbs  furnished  with  recurved  hooks  (Btdens),  which  aid  the 
transport  of  the  seeds  by  animals. 

2.  The  free  accessibility  of  the  honey  is  a  character  which 
most  Compositte  share  with  Umbeliifene ;  and,  accordingly,  the  two 
orders  rival  one  another  in  the  variety  of  their  insect- visitors  (vide 
Girsiuvi  arvevai-a).  But  while  in  Umbelliferte  the  honey  lies  fully 
exposed  to  the  rain  upon  the  fleshy  disk  which  secretes  it,  iu 
Compositte  it  is  secreted  by  a  ring  surrounding  the  style  at  the 
base  of  a  narrow  tubular  corolla,  and  as  it  accumulates  it  rises  up 
into  the  wider  part  of  the  corolla  where  it  is  accessible  to  the  most 
short-lipped  insects,  and  where  the  anthers  shelter  it  from  rain. 
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Thus,  while  the  flat  layer  of  honey  in  UmbellifewB  is  only  suitable 
for  short-lipped  insects,  the  honey  of  Compositae  is  not  only 
accessible  to  them  but  may  be  sucked  by  Lepidoptera  and  bees 
also. 

3.  The  pollen-mechanism  agrees  essentially  with  that  of 
Lobeliacese.  The  anthers  cohere  to  form  a  hollow  cylinder,  and 
dehisce  introrsely,  filling  the  cylinder  with  pollen,  before  the  flower 
opens.  The  two  stigmas  lie  at  first  closely  applied  together  in 
the  lower  part  of  the  anther-tube,  and  as  the  style  grows  they 
brush  the  pollen  out  of  the  tube  by  means  of  the  hairs  on  their 
outer  surface.  So  in  the  first  period  the  pollen  is  exposed  to 
insect-visitors,  and  in  the  second  the  stigmas  separate  and  expose 
their  papillar  surfaces. 

The  arrangement  of  the  hairs  and  of  the  stigmatic  papillae 
shows  some  diversity  in  Composites.  The  former  sometimes,  as  in 
Lobeliaceae,  sweep  the  pollen  before  them,  forming  a  simple  ring 
round  the  style  at  the  base  of  the  stigmas  (e.g.  Centaurea,  Cirsium), 
or  aggregated  in  a  tuft  at  the  extremity  of  the  stigmas  (e,g. 
Achillea,  Chrysanthemum) ;  sometimes  they  are  spread  over  more 
or  less  of  the  surface  of  the  style,  and  the  pollen  remains  en- 
tangled among  them  {c.g,  Lcontodon).  The  stigmatic  papillae 
sometimes  wholly  or  partially  cover  the  inner  surfaces  of  the 
stigmas,  and  sometimes  are  restricted  to  broader  or  narrower 
areas  at  the  margin.  This  sweeping  mechanism,  which  is 
apparently  inherited  from  Lobeliaceae,  is  perfected  in  many 
Compositae  by  a  peculiar  irritability  of  the  filaments,  which 
contract  when  touched  by  an  insect's  proboscis  and  draw  the 
anther-tube  downwards,  squeezing  the  pollen  out  at  the  upper 
end  exactly  at  the  proper  time  for  it  to  be  carried  to  other 
flowers. 

Cross-fertilisation  in  case  of  insect-visits  is  thoroughly  ensured 
for  the  separate  florets  in  the  same  way  as  in  Lobeliaceae,  and 
it  is  rendered  in  many  cases  very  probable,  and  in  others  in- 
evitable, for  the  inflorescence  as  a  whole.  For  in  all  cases  in 
which  the  development  of  the  hermaphrodite  flowers  progresses 
so  slowly  from  the  margin  of  the  capitulum  towards  its  centre 
that  one  or  more  rows  of  florets  in  the  female  stage  are  always 
surrounded  by  several  rows  in  the  male,  the  crossing  of  separate 
capitula  must  at  least  be  effected  by  all  insects  which  aliglit  at  the 
margin  (Bellis,  Chrysanthemum,  etc.) ;  but  in  many  Cynarea^  the 
florets  open  centripetally  in  such  quick  succession  tliat  the 
capitulum  is  for  a  time  male  only,  and  afterwards  for  some  time 


female  only,  and  in  this  case  all  in  sect- visitors  Aiust  lead  to  the 
crossing  of  separate  capitula  (Cunltius).  Lastly,  in  the  few 
Compositte  in  which  the  florets  are  all  unisexual,  either  the  male 
and  female  florets  are  confined  to  separate  capitula  or  the  suler 
florets  in  all  the  capitula  are  female  and  the  inner  mUe  (CaUruluUr, 
Silphium,  etc.).  In  the  fonner  case  the  crossing  of  separate 
capitula  is  obviously  inevitable,  and  in  the  latter  (since  the  outer 
florets  develop  first)  it  is  probable,  and  more  so  than  in  the 
case  described  where  centripetal  development  proceeds  slowly  in 
a  capitulum  of  hermaphrodite  fliirets. 

In  absence  of  insects  self-fertilisation  is  often  rendered  possible 
in  the  hermaphrodite  flowers  by  the  stigmas  curving  backwards  till 
their  papillsB  come  in  contact  with  the  potleo. 

The  irritability  of  the  filaments  in  Ccniaurea,  Onopordniii. 
Cichorium,  Huracium,  etc.,  was  observed  more  than  a  hundred 
years  ago  by  Koelreuter  (396,  Pt.  Hi).  Severin  Asell  gives  a 
r^avii  of  more  recent  observations  on  this  point  by  Morren,  Cohn, 
Unger,  and  others  (17). 

Sprengel  recognised  the  significance  of  the  enlarged  marginal 
florets,  the  closing  of  the  capitulum  during  rain,  the  brushes  on  the 
style  or  stigmas,  and  the  distinct  proteraudry  (702,  pp.  305-384). 

Hildebrand  made  the  floral  mechanism  of  Oorapositje,  especially 
the  distribution  of  the  brushes  and  the  stigmatic  papillce,  the  sub- 
ject of  a  very  elaborate  paper  containing  many  magnified  figures 
of  styles  (3S7)'  In  the  same  year  (1869)  Delpino  gave  a  full 
account  of  the  adaptive  modifications  of  Compositse  (178),  and 
appended  some  notes  on  tlie  bees  seen  by  him  visiting  Composite. 
In  a  more  recent  work  (180)  he  tries  to  prove  the  genetic 
connection  of  Composite  with  Campanulacece  and  Lobehoces,  and 
lagv  from  entomophilous  Scnecumido!  to 
drtemwimxa;.  I  am  unacquainted  with 
~Mcb  Delpino  treats  of,  and  am  thcEefore 
I,  so  I  confine  myself  to  a  general 


ill$  tells  me  by  letter  that  at  Itajahy, 
I    ibe  borders  of  woods,  is  the  haunt  of 


r"n!,  L.— The  capitulum  contains 
:-,  in  cacli  of  which  the  tube  is 
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24  mm.  long,  and  the  wider  throat  2  mm.  long  in  addition.  By 
themselves  the  capitula  are  small  and  insignificant,  but  very  many 
(usually  several  hundred)  are  closely  aggregated  in  an  inflorescence. 
The  red-bordered  bracts,  the  reddish  corullfe  of  the  fiorets,  and 
the  white  projecting  stigmas  give  this  inflorescence  a  reddish-white 
appearance.     In  this  plant  the  divisions  of  the  style  are  (^uite  as 


If  the  itTld  lieu*  i  itrip  of  itlffiutlc  jmpiLliB  on  f«th  el\gr ;  fr..ni  b  la 
EilUclMludwItbluln. 

long  as  the  whole  corolla  (5  mm.).  Tlioy  are  furnished  with  rows 
of  stigmatic  papiilsB  along  their  edges,  only  for  the  first  ([iiaitor 
of  their  length  (a,  h.  Fig.  110,  2) ;  for  the  remaining  tljreo-qiiurtvrs 
they  are  thickly  clothed  all  round  with  hairs.  In  the  first  iieri.«l 
the  lower  stigmatic  part  of  the  branches  of  the  style  remains  still 
inclosed  in  the  anther-cylinder  (Fig.  110, 1);  the  ends,  ftimished  with 
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h^is,  project  beyond  it,  and  diverge  so  widely  that  insect- visi tore 
come  in  contact  witb  them  all  round,  and  cany  off  upon  their 
hairy  or  scaly  coats  the  pollen  that  had  been  entangled  in  the 
hairs  of  the  styles.  Afterwards,  the  lower  stigmatic  portions 
emerge  from  the  anther-cylinder  and  from  the  throat  of  the 
corolla  (Fig.  110,  2),  and  they  too  diverge  so  widely  that  au  insect 
in  obtainiog  its  honey  must  come  in  contact  with  them.  Cross- 
fertilisation  is  thus  ensured,  if  insect-visits  have  taken  place  to  a 
sufficient  extent  to  clear  all  the  potlen  from  the  hairs  of  the  style 
before  the  stigmas  in  the  same  floret  are  exposed.  But  if  these 
hcuTS  still  bear  pollen  when  the  stigma  becomes  exposed,  an  insect- 
visitor  may  effect  self-fertilisation  as  easily  aa  cross-fertilisation. 
If  no  insects  visit  the  flower  at  all,  fertilisation  and  even  cross- 
fertilisation  are  still  possible,  for  the  outspread  branches  of  the 
style  sometimes  come  in  contact  with  the  stigmas  of  neighbouring 
florets. 

Visitors  :  A.  Hymenoptera — Apidm :  (1)  Apis  meUificn,  L.  Q ,  b.;  (3) 
Bombus  (Apatlius)  vcrtalis,  Fourc  (J,  h.  B.  Diptera— (a)  Syrphida;  (3) 
Eristalis  arbustoruni,  L. ;  (4)  E.  nemonim,  L. ;  (5)  E.  tunax,  L.,  all  thnw 
epecies,  ab.,  f.p.  ;  {b)  Muieida: :  (6)  Eubinomyia  furo,  L.  ;  (7)  Dexia  caniiia, 
F.  i  (8)  Lncilitt  albiccps,  Mgn.  C,  Lepidoptera — Sluijialoctra .-  (9)  Pieri« 
rapffi,  L. ;  (10)  Tlieela  querctu,  L. ;  (11)  Lyc»Da,i>p.;  (IS)  Vaneaaalo,  L.,ab.  ; 
(13)  Ai^Tinis  Paphia,  L.,  ab. ;  (14)  Satynis  Oolatca,  L. ;  (15)  8.  Mednas,  8. 
V. ;  (16)  S.  E^ria,  L. ;  (17)  Heaperia  lineola,  O.  I  saw  all  tlieae  butterflies 
together  sucking  the  flowera  of  Eupaloriiun  on  a  aunny  slope  near  Waiebadesaen 
(AuguHt,  1871) ;  tliey  took  no  heed  of  other  neighbouring  flowers.  D.  Neuio- 
ptera— (19)  Panorpn  communis,  L.  This  list  is  very  remarkable  on  account 
of  the  preponderance  of  butterfliea.     See  also  No.  jgo,  in. 

Tribe  Agteroidea. 
215.  SOLIDAGO  viROA-AUREA,  L. — In  the  florets  of  the  disk 
the  style  is  identical  with  that  of  Chrysocoma  (cf.  Hildebrand,  357). 
But  while  in  Chrysocoma  numerous  capitula  unite  to  form  one 
surface,  and  can  therefore  dispense  with  ligulate  mai^nal  florets, 
in  8.  virga-anrca  the  capitula  are  distributed  over  au  elongated 
axis ;  and  the  disk  of  each  capitulum  (4  to  5  mm.  in  diameter)  is 
rendered  conspicuous  by  five  to  seven  golden-yellow  marginal 
florets  which  increase  the  whole  diameter  of  the  capitulum  to  14  or 
even  19  mm.  The  marginal  florets  have  acquired  their  excessive 
development  of  corolla  at  the  expense  of  their  stamens,  which  are 
quite  absent ;  the  branches  of  the  style  have  almost  entirely  lost 
their  useless  sweeping-hairs,  and  bear  stigmatic  papillae  along  the 
whole  length  of  both  borders  of  their  inner  surfaces. 
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Visitors  :  A.  Hymenoptera— ^jpi<te ;  (1)  Apis  mellifica,  L.  § ,  e.,  ab. ;  (2) 
Bombus  rupestris,  L.  (J ,  s. ;  (3)  B.  campestris,  L.  (J ,  e. ;  (4)  B.  terrestris,  L. 
(J,  s. ;  (5)  Andrena denticulata,  K. 5  (J,  c.p.  and s.  (Tekl.  Borgst.).  B.  Diptera 
— SyrphidcB :  (6)  Eristalis  arbustorum,  L. ;  (7)  E.  nemoruin,  L.,  both  species 
f.p.,  ab.  C.  Lepidoptera — Rhopalocera :  (8)  Thecla  ilicis,  Esp.,  s.  A  list  of 
Alpine  visitors  (six  bees,  twenty-two  flies,  twenty-seven  Lepidoptera)  is  given 
in  my  Alpenhlumen  (No.  609). 

216.   SOLIDAGO   CANADENSIS,  L.  : — 

Visitors  :  Diptera— (a)  Syrphidas :  (!)  Eristalis  arbustorum,  L. ;  (2)  E. 
nemorum,  L. ;  (3)  Syritta  pipiens,  L.,  all  three  species  f.p.,  ab. ;  (6)  MuscidcB  : 
(4)  Sarcophaga  carnaria,  L.,  f.p. ;  (5)  Numerous  small  Muscidse.  See  also 
No.  590,  III. 

217.  Bellis  perennis,  L. — Numerous  tiny  florets  1  to  2  mm. 
in  length  unite  to  form  a  flat,  yellow  disk  6  mm.  in  diameter.  The 
white  outer  lobes  (5  mm.  long)  of  the  marginal  florets  bring  the 
diameter  of  the  whole  capitulum  up  to  16  mm.  The  marginal 
florets  have  no  stamens,  and  their  styles  have  lost  their  sweeping- 
hairs  ;  the  two  branches  of  the  style  are  furnished  with  stigmatic 
papillae  on  their  edges  for  their  whole  length  (cf.  Hildebrand,  357). 
On  the  other  hand,  in  the  florets  of  the  disk  the  style  is  short, 
broadly  oval,  and  closely  covered  with  sweeping-hairs  on  the  outer 
surface  from  the  broadest  part  to  the  tip ;  these  hairs  both  sweep  the 
pollen  out  of  the  anther-cylinder  as  the  style  elongates,  and  after- 
wards hold  it  until  it  is  removed  by  insects.  The  branches  of  the 
style  in  the  disk-florets  are  only  furnished  with  a  short  strip  of 
stigmatic  papillae  on  each  border  below  the  broadest  part.  After 
fertilisation  the  branches  of  the  style  are  again  drawn  within  the 
corolla,  so  that  the  placing  of  more  pollen  on  the  already  fertilised 
stigma  is  avoided. 

Visitors :  A.  Hymenoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9  >  c.p., 
freq. ;  (2)  Andrena  parvula,  K.  5 ,  c.p. ;  (3)  Halictus  minutissimus,  K.  J ,  c.p., 
freq. ;  (4)  H.  cylindricus,  F.  ? ,  s. ;  (5)  Sphecodes  gibbus,  L.  ? ,  s. ;  (6)  Nomada 
lineola,  Pz.  (J ,  s. ;  (7)  N.  flavoguttata,  K.  cJ ,  s. ;  (8)  Osmia  rufa,  L.  $ ,  s.  and 
c.p. ;  (b)  FormicidiE :  (9)  Myrmica  laevinodis,  Nyl.,  tried  to  suck.  B. 
Diptera — (a)  Empidm :  (10)  Empis  livida,  L.,  s.,  very  ab. ;  (11)  E.  opaca,  F., 
8. ;  (6)  SyrphidcR :  (12)  Eristalis  arbustorum,  L. ;  (13)  E.  sepulcralis,  L. ;  (14) 
E.  tenax,  L. ;  (15)  E.  pertinax,  Scop. ;  (16)  Rhingia  rostrata,  L.,  all  five  flpecien 
f.p.,  very  ab. ;  (17)  Syritta  pipiens,  L.,  f.p.  and  s.,  ab.  ;  (18)  Melitlireptus 
scriptus,  L.,  f.p. ;  (c)  Muscidce :  (19)  Scatophaga  stercoraria,  L. ;  (-20)  Sc. 
merdaria,  F.,  both  species  f.p.,  ab. ;  (21)  Lucilia  comicina,  F.,  f.p.,  freq. ;  (22) 
Musca  corvina,  F.,  do.  All  these  flies  had  their  tongues,  legs,  and  under  8urface, 
especially  of  the  thorax,  thickly  coated  with  pollen.  C.  Lepidoptera — Rhopa- 
locera :  (23)  Satyms  pamphilus,  L.,  s. ;  (24)  Polyommatus  dorilis,  Hufn.,  f. 

Y 
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JfuMcida :  (8)  Ocyptera  cylindrica,  F.,  %,  C.  Lepidoptera— (a)  Rhopalocera  : 
(9)  Poljommatus  dorilia,  Hfn. ;  (10)  Lycaena  alsus,  W.  V.;  (6)  Noctua:  (11) 
PluBia  gamma,  L.,  all  three  s. 

Tribe  Intdoidea, 

222.  Gnaphalium  luteoalbum,  L.,  as  a  rule  only  comes  into 
bloom  at  Lippstadt  in  September.  On  the  wet,  sandy  places 
where  it  grows,  it  is  by  far  the  most  conspicuous  plant,  especially 
as  it  grows  associated  in  considerable  numbers.  One  sunny  day 
at  noon  (Sept.  29,  1869)  I  noticed  the  following  insects  upon  its 
capitula : — 

Vigitors  :  A.  Hymenoptera — (a)  Apidit :  (1)  Spbecodes  gibbus,  L.  (J  J , 
Beveral  varieties  including  epbippia,  L.,  8.  ;  (2)  Halictns  sexsignatus,  Schenck, 
(J  9 , 8. ;  (h)  SphegidcB :  (3)  Ponipilus  viaticus,  L.,  s.  ;  (4)  Ceropales  maculata 
F.,  8.  B.  Diptera — (o)  Syrphidce :  (5)  Melithreptus  scriptua,  L. ;  (6)  Melano- 
Btoma  mellina,  L.,  both  f.p. ;  (b)  Muacidoi :  (7;  Lueilia,  freq. ;  (8)  Pollenia 
rudiB,  F.,  both  f.p. 

Gnaphcdiiun  uliginosum,  L. — On  the  inconspicuous  capitula  of 
this  plant  I  once  caught  Sphecodcs  ephippia,  L.,  s. 

223.  PULICARIA  DYSENTERiCA,  Gartn. — The  disk  of  the  capitu- 
lum  consists  of  more  than  600  florets.  Each  floret  has  a  tube  about 
4  mm.  long,  narrow  below  and  wider  above,  terminating  in  five 
triangular  teeth.  I  could  not  discover  that  the  honey  rose  up 
into  the  wider  part  of  the  tube,  but  even  without  its  doing  so  it 
is  accessible  to  moderately  short-lipped  insects.  In  these  florets 
of  the  disk  no  part  of  the  style,  except  its  two  stigmatic  branches, 
protrudeis  from  the  anther- cylinder.  The  stigmas  spread  apart 
horizontally,  close  above  the  corolla,  in  the  same  spot  where  the 
pollen  lay  in  the  first  stage,  so  that  here  also  many  florets  can  be 
fertilised  simultaneously  by  an  insect- visitor.  The  branches  of 
the  style  are  covered  over  their  whole  inner  surfaces  with  stig- 
matic japillae,  and  on  the  upper  third  of  their  outer  surfaces  with 
hairs  which  point  obliquely  upwards.  Along  the  edges  of  the 
triangular  valves  which  form  the  upper  end  of  the  anther-cylinder 
stand  unicellular  hairs,  which  are  much  longer  and  thicker  than 
the  sweeping-hairs  on  the  style  and  which  serve  to  hold  the 
pollen  that  has  been  swept  out  of  the  anther-cylinder.  The  disk 
is  surrounded  by  nearly  100  marginal  florets,  each  of  which  has 
an  outer  golden-yellow  lobe  5  to  7  mm.  long ;  in  these  the  tube  is 
2  to  3  mm.  long,  and  from  it  a  style  protrudes  identical  with  that  in 


PART  III.]  THE  MECHANISMS  OF  FLOWEES.  325 

the  florets  of  the  disk,  possessing  even  the  sweeping-hairs  that  are 
here  useless  from  the  absence  of  stamens. 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Heriades  tnmcorum,  L.  ?  (J , 
very  freq.,  s.  and  c.p. ;  (2)  Halictus  longulus,  Sm.  (J ;  (3)  H.  maculatus,  Sm. 
^ ;  (4)  H.  albipes,  F.  ^ ;  (5)  H.  cylindricus,  F.  ^ ;  (6)  H.  nitidus,  Schenck,  <J , 
all  6.  B.  Diptera — Syrphidce  :  (7)  Eristalis  arbustorum,  L. ;  (8)  E.  sepulcralis 
L.,  both  species,  f.p.,  very  ab. ;  (9)  Melithreptus  scriptus,  L.,  f.p.  C.  Lepid- 
optera — (10)  Polyoinmatus  dorilis,  Hfn. ;  (11)  Lycaena  sp. ;  (12)  Hesperia 
thaumas,  Hfn.,  s.  D.  Coleoptera — Chryaomelidas :  (13)  Cassida  murraea,  L., 
whose  larva  feeds  on  the  leaves  of  this  plant,  often  creeps  about  the  flowers  and 
effects  cross-fertilisation. 

Tribe  Helianthoidece. 

Zinnia,  my  brother  Fritz  MUller  tells  me,  is  visited  almost 
exclusively  by  Lepidoptera,  especially  Hesperidae,  at  Itajahy.  In 
North  America  it  is  visited  by  ruby-throated  humming-birds  also 
(730. 

224.  Helianthus  multiflorus,  L. — Delpino  found  Helian- 
thus  fertilised  chiefly  by  Heriades  trunco7ntm,  h,,  which  tapped  the 
flowers  in  their  first  (male)  stage  with  its  abdomen,  and  dexterously 
swept  up  the  pollen  that  exuded  from  the  anther-cylinder  with  its 
abdominal  collecting-hairs  ;  hence  he  concluded  that  the  insect 
and  the  plant  had  been  specially  created  for  one  another.  The 
various  relations  of  insects  to  flowers,  as  tliey  are  described  in  this 
book,  prove  such  a  conception  to  be  untenable. 

I  have  observed  as  visitors  of  B".  mvltifloirws : — 

A  Hymenoptera — Apxdin :  (1)  Megachile  centiincularia,  F.,  c.p.  ;  (2) 
Halictus  zonulus,  Sm.  9,8.  B.  Diptera — Syrphidcs :  (3)  Eristalis  tenax,  L.  ; 
(4)  Syrphus  pyrastri,  L.  ;  (5)  S.  ribesii,  L.,  all  three  f.p.  and  s. 


Tribe  Antheviidece. 

225.  Achillea  Millefolium,  L. — This  plant  is  a  very  marked 
instance  of  the  advantage  of  many  small  flowers  being  united 
together,  both  for  attracting  insects  and  for  simultaneous  cross- 
fertilisation  of  many  flowers  by  a  single  insect-visitor. 

In  the  florets  of  the  disk,  the  corolla  consists  of  a  tube  scarcely 
2  mm.  long,  passing  above  into  a  throat  1  mm.  long  and  equally 
wide,  ending  in  five  triangular  teeth.  Honey  is  secreted  by  an 
annular  ridge  {h,  Fig.  112,  2)  surrounding  the  base  of  the  style. 
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and  rises  up  into  the  throat  and  so  is  accossible  to  the  most  short-  ' 
lipped  insects.     When  the  flower  opens,  tlie  two  divisions  of  tlie 
style  are  closely  appressed  and  project  into  the  lower  part  of  the 
anther-cylinder  which  is  filled  with  pollen  (Fig,  112,  2).     They  are 
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furnished  at  the  tip  with  divergent  hairs  (5),  so  that  as  tlie  style 
elongates  the  pollen  ia  presse*!  out  at  the  ujiper  end  of  the  anther- 
cylinder,  whose  terminal  valves  (o,  2)  separate.  Finally  the  two 
branches  of  the  style  emerge,  sprend  apart,  turning  their  stigmatic 
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inner  surfaces  upwards,  and  bend  their  hairy  tips  so  far  backwards 
and  inwards  that  some  of  the  pollen  which  remains  adhering  to 
them  is  removed  from  the  chance  of  contact  with  insects  (Fig. 
112,  4).     While  the  pollen  is  being  forced  up  the  anther-cylinder 
projects  slightly  beyond    the    corolla    (Fig.  112,3);   when   the 
stigmas  are  exposed,  the  anther-cylinder  lies  more  deeply  in  the 
throat  of  the  corolla,  having  been  drawn  down  by  the  contracting 
filaments.    The  stigmas  thus  come  to  lie  immediately  above  the 
corolla,  in  the  same  spot  where  the  pollen  was  before.     The  result 
is  that  as  the  under- sides  of  insect- visitors  sweep  over  the  cap- 
itulum  they  come  in  contact  with  many  florets  and  effect  many 
cross-fertilisations  at  the  same  time.     In  this  species,  twenty  or 
more  florets  (which,  however,  do  not  develop  simultaneously,  but 
centripetally)  are  united  in  a  disk  about  3  mm.  in  diameter  ;  but 
since  five  florets  at  the  margin  have  each  an  external  lobe  over 
3  mm.  long  and  rather  more  than  3  mm.  broad,  the  diameter  of 
'  the  disk  is  increased  to  9  or  10  mm.     The  marginal  florets  have 
attained  this  enormous  development  of  the  corolla  at  the  expense 
of  the  stamens,  which  are  quite  absent ;  they  possess  a  style  how- 
ever, which  divides  into  two  branches,  covered  on  their  upper 
surfaces  with  stigmatic  papillae  but  destitute  of  hairs.      In  spite  of 
the  enlargement  of  the  corolla  in  the  marginal  florets,  the  capitula, 
when  they  stand  alone,  are  not  very  conspicuous ;  but  very  many 
capitula,  often  more  than  one  hundred,  are  united  in  a  corymbose 
inflorescence,  which  is  not  only  very  conspicuous  but  permits  still 
more   extensive  cross-fertilisation  to  be  eflfected  at  once  by  an 
insect- visitor. 

226.  Achillea  Ptarmica,  L.,  is  distinguished  fi-om  A,  Mille- 
folium  by  the  much  greater  size  of  its  separate  capitula,  which  are, 
however,  associated  in  much  less  numbers  in  an  inflorescence.  About 
eighty  to  over  one  hundred  florets,  each  scarcely  2|  mm.  long,  are 
united  in  a  disk  6  to  7  mm.  in  diameter,  at  whose  edge  eight  to 
twelve  marginal  florets  stand.  Each  of  these  latter  possess  an 
outer  lobe  4  to  6  mm.  long  and  not  quite  so  broad,  whereby  the 
diameter  of  the  attractive  surface  of  each  capitulum  is  increased  to 
15  or  even  18  mm.  In  other  points  the  flowers  agree  with  those  of 
A.  Mille/oliuvi.  Both  plants  grow  in  equal  abundance  in  the  same 
localities,  they  flower  at  the  same  time,  and  are  visited  to  the  same 
extent  by  the  same  insects.  In  both,  but  especially  in  A.  Millc' 
folium,  the  strong  odour  of  the  plants  is  probably  a  great  additional 
attraction ;   for  species  of  Prosopis,  which  are  especially  fond  of 
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strong- smelling  flowers,  are  often  found  in  great  numbers  on  both 
plants,  particularly  on  A.  Miliefoliiini. 

The  following  list  of  iasects,  which  I  have  observed  on  the 
flowers  of  these  tmo  species,  shows  how  successfully  the  attractive 
contrivances  described  and  the  easily  accessible  pollen  and  honey 
effect  their  purpose  :— 

A,  Hyraenoptem — (n)  Apidtr ;  (1)  ProBopis  variegata,  F.  J  (5,  very  ab,  j 
(2)  P.  pietipcs,  Nyl.  9  ^,  both  Bpeciea  8.,  aiid  gathering  pollea  with  their 
moatha;  (3)  Sphecodes  gibbua,  L.,HllvarietieB,mcluilingt:phippia,  L.,  $  ^,8., 
ab. ;  (4)  Halictiu  cylindricua,  F.  f  (^ ,  c.p.  and  s.  ;  (5)  H.  macuUtua,  Sm.,  cp. 
(6)  H.  leucozoniiM,  K.  $,cp. ;  (7)  H.  niorio,  F.  j.c-P-;  W  H.  villoaulua, 
K.  S,  cp.  J  (9)  H.  KibicTindua,  Chr.  ^,8.;  (10)  H.  quadricinctUB,  F.  <J,8. 
(U)  Audrena  fulvicnw,  K.  ?  (J,  cp.  and  a.,  ab. ;  (12)  A.  pilipes,  F.  J.b. 
(13)  A.  doreata,  K,  ?  J,  cp.  and  s.,  ab, ;  (14)  A.  diryeoBcele*,  K.  >}  ;  (15)  A. 
fuacipeB,K.  g;  (16)  A.  nana,  K.  J,  a.;  (17)  A.  ois«iitata,  Sm.  (J,8. ;  (18)  A, 
albicaiw,  K.  J,  a. ;  (19)  A.  lepida,  Scheack,  (J,  8. ;  (20)  A.  nigripea,  K.  ? 
(ai)  A.  denticnlata,  K.  S,  s. ;  (22)  CoUetea  fodiena,  K.  ?  (J,  cp.,  f.p.  and  s^ 
very  ab. ;  (S3)  C.  Davieaeano,  K.  $  (J ,  etill  more  ab. ;  (24)  Noinada  sonata, 
Pz,  ? ,  a. ;  (25)  N,  nifieorniB,  L.  ? ,  s.  ;  (26)  Stelis  breviuscula,  Nyl.  ? ,  a. ; 
(27)  Heriadea  trunoorom,  L.  ?  J ,  cp.  and  b.  ;  (28)  Chelostoma  iiigricome, 
Nyl.  (J,  a.;  (29)  Oamia  spinnlosa,  K.  $,  cp. ;  (30)  0.  leacorael»na,  K.  ?, 
cp.  ;  (b)  Sphegida:  (31)  Crabro  alatUB,  'Pi.,  Lep.  ?  ^,  nb.  ;  (32)  Cr.  BObter- 
raneuB,  F.  J  ;  (33)  Lindeniua  albilabria,  F.,  freq.  ;  (34)  Osybelus  bellua,  Dlb. ; 
(36)  0.  triapinosus,  F. ;  (36)  0.  uniglmnia,  L.,  Dlb.,  all  three  ab. ;  (37)  Philan- 
ihus  triangulmn,  F,  8  ,J,  freq. ;  (38)  Cerceria  arenaria,  L.  {v.  d.  L.),  not  rare  { 
(39)  C.  labiala,  F.,  ab. ;  (40)  C.  variabilis,  Schrk.,  very  ab.  ;  (41)  Dinetue 
pictn?,  F.  \  (42)  AmniDphila  sabulosa,  L.  ;  (43)  Pompilua  trivialia,  El.  j ;  (44) 
P.  chalybeeatiia,  Stbiodte,  2  ;  (45)  P.  plumbeui,  Dhlb.  ?  ^,  (46)  P.  rufipea, 
L.  ?  J ;  (47)  P.  viaticiw,  L.  <J  ;  (48)  Ceropales  maculata.  P.,  freq.  ;  (f )  FupidtB  ,- 
(49)  OJynerue  ainuatna,  F.  2  ;  (50)  0.  parietum,  L,  J  ;  (51)  PterocbeilDS 
phaleraUia,  Loir.  2  ;  (ffl  Chryndm :  (52)  Hedycbrum  lucidulum,  IjhU^  Dhlb. 
5  (J,  freq. ;  (e)  Tenthrtdiyiida :  (53)  Tenthredo  notha,  KI.,  a.,  very  freq.  !  (54) 
Tenthredo  acrophularite,  L.  ;  (55)  Several  undetermined  Bp.  of  Tenthredo,  B. 
Diptera — (a)  Slratiomgida :  (56)  Odontomyia  viridula,  F.,  ab.  ;  (6)  Tabamda  : 
(B7)  Tabanua  rusticUB,  L.,  freq.  ;  (c)  BomhyUiiiB :  (58)  Exoprosopa  capndna, 
F.,  freq.  ;  (d)  Empida :  (59)  Empia  livida,  L.,  ali. ;  (e)  Si/rphirlm :  (60)  Ueli- 
threptuB  Bcriptus,  L. ;  (61)  M.  troniatUH,  Mgn. ;  (62)  Voliicella  bombylans,  L. ; 
(63)  V.  pellucena,  L.  (Ahnethal) ;  (64)  Eristalia  sepulcralis,  L.  ;  (65)  E.  t«nax, 
L. ;  (66)  E.  arbustorum,  L.  ;  (67)  E.  nemorum,  L.,  all  four  ab.,  both  s.  and  f.p., 
nauaily  covered  below  with  pollen  ;  (SB)  Byritta  pipiena,  L.,  b.  and  tp.,  ab. ; 
(69)  Eatnerua  Babulonnm,  Fall, ;  (/)  ConopidiE :  (70)  Conopa  flavipea,  L.  ; 
(71)  Pliysocephala  vittata,  F,,  both  freq,,  B.  ;  (y)  Muteida :  (72)  QymnoBOmB 
rotundata,  P/.  ;  (73)  Ocyptera  cylindrica,  F. ;  (74)  Echinomyia  ferox,  Ps^ 
freq.;  (75)  E.  teaaelala,  F. ;  (76)  Gonia  capilata.  Fallen.  C.  Lepidoptero— (o) 
Rhopalocera :  (77)  Pierisnapi,  L, ;  (78)  Heaperia  Bilvanua,  Esp. ;  (79)  Satyma 
patnphilua,  L. ;  (80)  Polyommatus  PhliEaa,  L. ;  (81)  Lycietia  ,£gon,  S.  V. ;  (b) 
Crambina  :  (62)  Botys  purpnraliB,  L.,  all  a.     D.  Coleoptera^(a)  Bvpreglidal 

)  Anthaxia  niliduln,  L,  (Thur.l  ;  (b)  Cn-amh„i\da  i  (84)  Leplura  teetacea, 
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L. ;  (85)  L.  livida,  F.,  both  f.p. ;  (c)  Coccinellidce :  (86)  Exochomus  auritus, 
Scriba,  ab. ;  (</)  Chrysomelidce :  (87)  Cryptocephalus  sericeus,  L.,  feediog  on 
the  tissues  of  the  flower.  Forty-three  additional  visitors  (including  fifteen 
beetles)  are  enumerated  in  No.  590,  in.    See  also  No.  609. 

227.  Anthemis  arvensis,  L. — The  structure  of  the  flower  is 
similar  to  that  of  Chrysanthemum  leucanthemum  and  Matricaria 
Chamomilla;  in  regard  to  conspicuousness  and  amount  of  insect- 
visits  it  stands  between  the  other  two.  Each  capitulum  forms 
a  white  circle  21  to  27  mm.  in  diameter,  with  a  central  yellow 
disk  5  to  7  mm.  in  diameter.  Since  the  plant  does  not  possess 
the  strong  odour  of  M.  CJuxmomUla  it  is  visited  by  numerous  bees. 

Visitors  :  A.  Hymenoptera — (a)  Apid(E :  (1)  Apis  mellifica,  L.  5 ,  s- ;  (2)  An- 
drena  Schrankella,  Nyl.  ? ,  cp.  and  s. ;  (3)  A.  nigroaenea,  K.  ? ,  c.p.  and  s. ; 
(4)  A.  fulvicrus,  K.  ^  >  c.p.  and  s.  ;  (5)  A.  nana,  K.  ? ,  s. ;  (6)  A.  minutula, 
K.  (J ;  (7)  Halictus  lucidulus,  Schenck,  ?  ;  (8)  H.  nitidiusculus,  K.  9  ;  (9) 
Colletes  Davieseana,  K.  ?  ^ ,  c.p.  and  s.,  ab.  ;  (6)  Sphegida :  (10)  Cerceris 
variabilis,  Schrk.  (J  ;  (11)  Crabro  cribrarius,  L.,  Dlb.  ?  ;  (12)  Or.  alatus,  Pz. 
^  ?  ;  (r)  Tenthredinidm :  (13)  Tenthredo  notha,  Kl.  B.  Diptera— (a)  Stra- 
tiomyidoi :  (14)  Nemotelus  pantherinus,  L.,  very  ab.  ;  {h)  SyrphidcB  :  (15)  Eri- 
stalis  arbustorum,  L.  ;  (16)  E.  nemorum,  L. ;  (17)  E.  tenax,  L. ;  (18)  E. 
sepulcralis,  L.,  all  four  f.p.,  ab.  ;  (19)  Syritta  pipiens,  L.  ;  (c)  Muscida :  (20) 
Echinomyia  tesselata,  F. ;  (21)  Scatophaga  stercoraria,  L. ;  (22)  Sc.  merdaria, 
F.,  all  three  f.p.  C.  Coleoptera — (o)  Elateridce :  (23)  Athous  niger,  L.  ;  (6) 
CurculxonidcE  :  (24)  Bruchus  sp. ;  {c)  Ceranibycidce  :  (25)  Leptura  livida,  L. 

228.  Anthemis  tinctoria,  L.  (Thuringia,  July,  1868  and 
1870)  :— 

Visitors  :  A.  Hymenoptera — (o)  Apidce :  (1)  Colletes  marginata,  L.  cJ,  s. ; 
(2)  Halictus  maculatus,  Sm.  ? ,  c.p. ;  (3)  Heriades  truncorum,  L.  9,8.  and 
cp.  ;  {h)  Ichneumonid(B :  (4)  Various  sp.  B.  Diptera — (a)  Syrphidce :  (5) 
Eristalis  arbustorum,  L.  ;  (6)  Syritta  pipiens,  L. ;  (7)  Melithreptus  taeniatus, 
Mgn.,  all  three  f.p.  ;  (6)  Conopidm :  (8)  Myopa  sp.,  s. ;  (c)  Muscida :  (9) 
Gymnosoma  rotundata,  L. ;  (10)  Ulidia  erythrophthalma,  Mgn.,  in  hundreds. 
D.  Coleoptera — (a)  Elateridce:  (11)  Agriotes  gallicus,  Lap.  ;  (b)  Mordellida: 
(12)  Mordella  fasciata,  F.  Delpino  mentions  as  a  visitor  of  this  plant  Lomatia 
Beelzebub,  F.  (Diptera,  Bombylidoe).  (No.  178,  p.  121.)  The  flowers  are 
described  and  additional  visitors  are  enumerated  in  No.  590. 

229.  Chrysanthemum  leucanthemum,  L.  (Fig.  112,  6—8). 
Four  to  five  hundred  florets,  in  which  the  corolla  is  scarcely  3  mm. 
long,  uuite  to  form  a  yellow  disk  12  to  15  mm.  in  diameter; 
at  its  edge  are  twenty  to  twenty-five  florets  with  abortive 
stamens,  each  of  which  has  a  white  external  lobe,  14  to  18  mm. 
long,  3  to  6  mm.  broad,  so  that  the  yellow  disk  is  surrounded  by  a 
white  border  as  broad  as  or  broader  than  itself,  and  the  whole  attrac- 
tive surface  now  has  a  diameter  of  40  or  more  millimetres.    In  the 
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florets  of  the  disk,  the  throat,  into  which  the  honey  rises,  is  scarcely 
..  deep,  so  that  the  honey  is  accessible  to  the  most  short- 
lipped  insects.  In  the  first  etage  (Fig.  112,  C),  the  pollen,  and  in 
the  second  (Fig.  112, 7).  the  stigmas,  stand  immediately  above  the 
corolla ;  insects  moving  over  the  capitulum  must  cross -fertilise  many 
florets  simultaneously.  The  branches  of  the  style  end  in  a  thick 
tuft  of  divei^ent  hairs  (/,  8),  which  sweep  the  pollen  out  of  the 
anther-cylinder  {jp,  6)  as  the  style  elongates.  The  inner  surface  of 
each  division  of  the  style  bears  two  broad  rows  (k',  8)  of  stigmatic 
papillae,  separated  by  a  narrow  interval ;  these  stigcnatic  papilke 
extend  over  the  outer  edges,  and  are  there  regularly  dusted  with 
pollen  if  the  pollen  which  has  got  heaped  above  the  anther- 
■  cylinder  by  the  protruding  style  is  not  removed  by  insects.  Self- 
fertilisation  is  as  inevitable  in  absence  of  insects  aa  cross-fertihsation 
is  when  their  visits  occur.  The  stigmatic  surfaces  in  the  marginal 
florets  are  just  as  in  the  florets  of  the  disk ;  but  the  now  functionJess 
sweeping-hail's  are  distinctly  shorter  in  the  marginal  florets. 

Viaitora  :  A.  HymEnriptera — (*i)  Apidn;  (1)  Proaopia  communiB,  N.  Si 
(2)  Sphecodes  giblins,  L.  ?  ^.  all  varietiea,  including  ephippia,  L. ;  (3)  Ha- 
lictus  maculatiia,  Sra.  ?  (J ,  c.p.  nnd  8.,  Eraq.  ;  (4)  H.  leucozonius,  Sclir.  ? ,  cp.  ; 
(B)  H.  albipea,  F.  ^ ,  a. ;  (6)  H.  cylindricuB,  F.  ?  ij ,  cp-  and  ».,  very  ab. ;  (7) 
H.  villosiilus,  K.  9  ^ ,  cp.  and  b.  ;  (fl)  H.  nibicundua,  Ghr.  ? ,  c.p.  ;  (9)  An- 
drena  lautliura,  K.  J,  9.  ;  (10)  A.  nigrofenea,  K.  ?,  cp.  ;  (U)  CoUetee 
Daviesenno,  K.  ?  ^,  c.p.  and  a.,  very  ab.  [  (12)  Bnmbna  terrefltjiB,  L.  9,  b., 
onre.  (Hen:  alao  Detpino'a  djatinctioa  between  CompnsitEB  adapted  for  Ha- 
lictiia  and  thoee  adapted  for  bees  with  abdominal  brashes  falls  to  the  gronnd, 
for  though  the  flat  dink  of  Chryaanlheinum  Itaeanthemum  ranat,  according  to 
Celpino,  be  fertilised  mainly  or  escluaively  by  beea  with  abdominal  bnubes,  I 
found  no  sach  bees  on  it,  but  many  specimens  of  Halicliis,  Anilrena,  and 
Colletes).  (i)  Sphtgiila :  (13)  Ceiceris  variabilis,  Schrk. ;  (U)  Crabro  cepha- 
lotes,  Shnck.  $;  (15)  Cr.  cribrariua,  L.,  Dlb.  <J,  treq.  ;  (16)  Oxybelns 
uniglumis,  L.,  Dlb.,  ab.  ;  (17)  O.  triapinaaus,  F.  ;  (c)  Ichneumonidof :  (18) 
Various  sp.  ;  (rf)  TtnthrtdiniHa :  (19)  Tenthredo  (Allantus)  notha,  KL,  d.  ;  (20) 
T.  Bcroplinlarice,  L.  ;  (21)  Several  nndBtermincd  ap.  of  Tenthredo  ;  (22)  Cim- 
bei  sericea,  L.  B.  Diptera— (a)  E»ipirf<F  .■  (23)  Empis  rustic*,  F.,  a.  j  (6)  Stro- 
tiomyidif:  (S4)  Nemoteloa  pantheriniis,  L.,  exceedingly  abundant,  ancldng  ; 
(25)  Odontomyla  viriduln,  F.,  very  ab.,  a.  ;  (e)  Bombylidis :  (26)  Sj-stcechna 
(inifureus,  Mikan,  s.  (Sid.);  (rf)  Si/rpkii^tr ;  (27)  Pipiza  lugnbriB,  F.  ;  (S8) 
Clieiloaia  fmterna,  Mgn.  ;  (29)  SjTphus  nitidicolliis  Mgn,,  f.p.  ;  (30)  Meli- 
threptiifl  tainiatus,  Mgn.,  f.p, ;  (31>  Volucella  pellncenB,  L.  (Sid.) ;  (32)  Syritta 
pipiena,  L.,  s. ;  (33)  Eriatalic  arbustomm,  L.  ;  (34)  E.  horticola,  Deg.  (Sid.)  ; 
(35)  E.  ncmormn,  L.  ;  (36)  E.  sepulcralis,  L. ;  (37)  E.  Kiiens,  Scop.,  all  five 
species  very  ab.,  f.p.  ;  (38)  Helopliilus  floreiis,  L.,  f.p.  ;  (39)  H.  pendulua,  L.  ; 
(«)  Coiuijado'. :  (40)  Conopa  flavipea,  L.,  b.  ;  (41)  Sicua  ferrugineua,  L.,  s.  ;  (/) 
Mtudda :  (42)  Ecbinomyia  tesselata,  F.  ;  (43)  PoUenia  Vespillo,  F.,  f.p.  and 
(44)  Lucilia  comicina,  F.  ;  (4.^)  L.  silvorum,  Mgn.  ;  (46)  Pyrellia  tmra, 
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Zett.  ;  (47)  Musca  corvina,  F.  ;  (48)  Scatophaga  stercoraria,  L.,  8. ;  (49)  Mac- 
qnartia  praetica,  Zett.  ;  (50)  Sepsis  sp.,  s.  C.  Lepidoptera — (a)  Bhopalocera  : 
(51)  Melitaea  Athalia,  Esp. ;  (52)  Hesperia  alveolus,  H. ;  (53)  Satyms  Janira, 
L. ;  (6)  Sphinges :  (54)  Ino  statices,  L.,  freq.  ;  {c)  Noctua :  (55)  Anarta 
myrtilli,  L.,  all  s.  D.  Coleoptera — (a)  Nitidulidce :  (56)  Meligethes,  very  ab. ; 
(b)  DermestidcB :  (57)  Anthrenus  pimpinellae,  F.,  f.p. ;  (c)  Elaterida :  (58) 
Athous  niger,  L. ;  (d)  Lamellicornia :  (59)  Cetonia  aurata,  L.  (Sid.) ;  (60) 
Trichius  fasciatus,  L.,  ab.  ;  (61)  Tr.  nobilis,  L.  ;  («)  Malacodermata :  (62) 
Malachius  seneus,  L. ;  (63)  Dasytes  flavipes,  F. ;  (64)  Trichodes  apiarius,  L.  ; 
(/)  Mord^llidce :  (65)  Mordella  aculeata,  L.,  ab. ;  (66)  M.  fasciata,  F. ;  (jg) 
Cerambycid(E :  (67)  Strangalia  attenuata,  L.  ;  (68)  St  annata,  Hbst. ;  (69)  St. 
atra,  F.  ;  (70)  St.  melanura,  L.,  ab. ;  (71)  Leptura  livida,  F.,  very  freq. ;  (72) 
Pachyta  octomaculata,  F.  (Sid.  Siebengebirge).  See  also  No.  590,  ni.,  and 
No.  609. 


Altogether  I  have  observed  on  C,  letccanthemum — 
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In  each  100  insect- visitors  there  are  therefore- 
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230.  Chrysanthemum  inodorum,  L. — The  only  visitors  that  I 
have  noticed  are  Hedychrum  luddulum,  Dhlb.  $  (ChrysidsB),  and 
Ulidia  erythro2)hthalma,  Mgn.  (Muscidse). 


231.  Chrysanthemum  corymbosum,  L. — (Thuringia) : — 

Visitors  :  A.  Hymenoptera — Sphegidce  :  (1)  Cerceris  variabilis,  Schrk.  9  • 
B.  Diptera — Muacidct :  (2)  Ulidia  erythrophthalma,  Mgn.  C.  Heniiptera — 
(3)  Capsus  sp.,  8.  Additional  visitors  (nine  Coleoptera,  four  Diptera,  one 
Hemiptera,  five  Hymenoptera,  three  Lepidoptera)  are  enumerated  in  No. 
590,111. 
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232.  Chktsanthemum  Parthenium,  Pera  : — 


Sesift  tipnliforiuia,  L.,  s 


Visitors  ;  Lepidoptem — Spliiiiges  ; 
id  Ficnus  {No,  590,  in,). 


233.  Matricaria  Chamomilla,  L. — The  general  structure  of 
the  flower  agrees  with  that  of  C.  leveantkemu.m,  but  the  receptacle 
of  the  capituluin  is  always  more  convex  in  this  plant. 

As  the  centripetal  development  of  the  florets  proceeds,  the 
receptacle  rises  up  into  a  cylinder,  rounded  off  above.  Those 
florets  which  have  ceased  blooming  always  occupy  the  outer  rim 
around  the  cylinder,  those  that  are  still  in  the  bud  occupy  its 
rounded  apex,  those  that  are  in  full  bloom  occupy  the  space  between 
on  which  insects  alight.  The  resul  t  of  this  peculiarit.y  is  that  insects 
always  come  at  once  to  the  right  spot  for  obtaining  their  booty  and 
for  fertilising  the  flowers. 

In  regard  to  coiispicuousness,  M.  Chamomilla  is  far  inferior  to 
C  leucnnlhemum ;  for  each  capituium  forma  a  white  circle  18  to 
24  inm.  in  diameter  against  40  mm,  or  more  in  C.  Iciicmiihemuni, 
withayellowceutraldiskG  to8mm,  indiameteri^ainst  12tolonmi. 
in  the  other.  Accordingly  its  insect-visitors'  are  far  less  numerous 
and  less  varied.  The  strong  odour  which  the  capitula  emit  seems 
disagreeable  to  most  bees;  only  the  species  of  Proscpis,  which  are 
themselves  strong- smelling,  are  fond  of  the  plant,  as  they  are  also 
of  UtUa  graveolcns,  etc.  The  odour  seema  pleasant,  on  the  other 
hand,  to  flies;  they  are  found  abundantly  on  the  capitula,  and 
constitute  the  chief  fertilisers  of  the  plant. 

Visitore;  A.  Hympnoplera— (o)  Jplda:  (1)  ProBopis  BigiiiUa,  Vr..  jj  ?, 
ab. ;  (2)  Spliecodea  yibbus,  L.  ?  J  ;  (6)  Sphegida ;  (3)  OnybeliM  uniijlmnis, 
L.,  all.  B.  Diptero — (o)  Stroliomnidfr :  (4)  NemtrteluB  pnatherinus,  L.,  very 
ub.,  B.  ;  (6)  Empida:  (5)  EnipiB  livida,  L.,  ab.,  r.  ;  (c)  Sgrpkidce:  (6)  Eri- 
Blalifl  arbuatorum,  L.  ;  (7)  K  nemorum,  L.  ;  (8)  K  Bepulcralis,  L.,  all  three 
very  ab.,  f,p. ;  (9)  Syritta  pipiens,  L.,  very  ab.,  f.p. ;  (d)  Muieidir :  (10)  Sarco- 
plinga  camario,  L.,  ab.  ;  (11)  S.  litcmaTrboa,  Mgn. ;  (12)  Pollenin  Vespillo, 
F.,  all  three  f.p. ;  (13)  Luctlia  comiciim,  F.  ;  (14)  SpOogaBter  nigrlto.  Fallen. 
C.  Cokoptem-((()  Nitidulidm ;  (15)  MeligetliCB,  ab.  ;  (A)  Cernmhjcida : 
(16)  LepUira  livida,  L. ;  (17)  Stmngulia  ntteniiata,  L.,  bnlh  nnt  rare.  See 
also  No.  590,  ni, 

234,  Tanacrtum  vulgare,  L.— Several  hundred  florets  are 
united  in  a  flat  discoid  capituium,  to  which  radiating  marginal 
florets  would  be  of  no  use,  since  numerous  capitula  stand  close 
tijgether  almost  forming  a  single  surface.      The  iinion  of  capitula 
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to  form  one  golden-yellow  surface  U  not  only  of  advantage  to 
this  plant  by  increasing  its  conspicuousnr-as  and  thereby  attracting 
more  insects,  but  also,  as  in  Achillea,  because  the  insects  easily 
pa5s  without  interruption  over  the  whole  surface  and  cross- 
fertilise  very  many  florets  with  their  feet  in  the  shortest  possible 
time.  It  is  of  especial  advantage  to  pollen -collecting  bees  and 
pollen-feeding  flies,  letting  them  perform  their  work  in  the  quickest 
and  most  convenient  manner;  and  this  advantage  to  the  insects 
reacts  upon  the  plant  itself,  since  these  pollen -seeking  insects 
naturally  prefer  those  flowers  which  offer  them  &ueh  perceptible 
advantages.  The  honey  is  generally  accessible,  since  the  throat  of 
the  corolla  is  only  1  mm.  deep.  The  condition  of  the  style  aids  in 
the  simultaneous  fertilisation  of  many  florets  by  a  single  visitor. 
It  bears  at  its  apex  a  capitate  tuft  of  divergent  hairs,  and  in  the 
first  3t£^e  of  the  flower  it  pmsses  the  pollen  out  of  the  anther- 
cylinder,  raising  it  just  so  high  that  it  can  be  swept  off  the  surface 
of  the  capitulum  by  the  insects ;  afterwards  in  the  second  stage,  it 
spreads  out  its  two  branches,  set  with  stigmatic  papillae  on  their 
inner  surfaces,  in  the  same  place  that  the  pollen  occupied  before. 

Visitors:  A.  Hymenoptera — (a)  Apidir.:  (1)  Apin  melliSca,  L.  (Ji^.  ;  (2) 
Colletiis  I'odiens,  K.  ,J  ? ,  a,  and  c.p.,  verj-  ab.  ;  (3)  C,  DavieMiina,  K.  (J  j ,  9. 
and  &p.,  atill  men*  ab.  ;  (4)  HalictUB  maculatuB,  Sm.  (J  ? ,  8.  and  c.p.  very  ab.  ; 
(5)  Atidrena  CiiiviuTiu,  K.  <J,  ti. ;  (tS)  A.  denticulate,  K.  $ ,  c.p. ;  (7)  Sphecodes 
gibbus,  L.  (^  9 ,  Boveral  varieties,  including  ephippio,  L.,  b.,  und  receiving  Bomc 
pollen  upon  llicir  hairs  ;  (6)  Sphegida :  (8)  Dinetua  pielua,  F.  S  <J  i  *™1-  i 
(9)  Mellinns  arvenais,  L. ;  (10)  Cnibra  ap.  ;  (f)  Ve»pidir :  (11)  Odynenm 
parietum,  L.  £.  B.  Diptera — (a)  Straliomj/ida :  (12)  Odontomyia  viridtils, 
F.,  ab. ;  Ifi)  HgrphiiliE ;  (13)  Eriatalis  arbTiBtorum,  L.  ;  (14)  E.  nenuinim,  L. ; 
(1&)  Syrphut^  ribesii,  L.,  all  tliree  f.p.,  ab.  ;  (10)  Sjritta  pipiens,  L.,  a.  and  f.p., 
veryfreq,  j  (17)  MelithreptUH  tffiniatua,  Mgii.,  tp. ;  (e)  Jiuieidn :  (IB)  Sar- 
eophaga  camaria,  L.  C.  Lepidoptcra — (a)  Shopaloeera  :  (19)  Polyommatns 
Phlceas,  L.  (aa  late  as  Oct.  10)  ;  (20)  P.  dorilis,  Hfn.  ;  (21)  Vaneasa  Atalanta, 
L.  (aa  late  aa  Sept.  27) ;  (6)  Nnftaa  .-  (22j  Hadena  didytna,  Esp.  ^ ,  II,  by  day  ; 
(c)  Crambina :  (i3)  Botya purpura! ia,  L.,all  a.  D.  Coleoplera— 0«viH«WrVte .-  (24) 
Coccinella  bipunctata,  L.  ;  (25)  C.  quinquepunttata,  L.  E.  Hemiptera— (26) 
Several  speciea  of  bugs.  F.  Neumptera— (:i7)  Panorpa  communifl,  L.,  fre<i. 
See  also  No.  590, 111. 

Artemisla.  DRAccNcin.c8,  L.,  is  anemophilous,  but  Herr 

Borgstette  has  seen  it  visited  by  Mclanostama  mellina  (Syrphidse). 


Tribe  Seneeionidea, 


236.  TnssiLAGO  Farfaba,  L. — In  centre  of  eoch  capitulum  are 
thirty  t<i  forty  male  florets,  around  which  stand  about  tliree  hundred 
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female  florets.  At  night  and  iu  dull  weather  the  capitulum  closes  up, 
but  in  sunshine  it  espands  to  a,  goldcn-yeilow  disk  20  to  25  mm.  iu 
diameter.  The  central  florets  have  an  ovary  with  an  abortive  ovule ; 
around  the  base  of  the  style  is  a  yellow,  fleshy  nectary,  which  is 
visible  through  the  base  of  the  white  tube  of  tlie  corolla,  which  is 
The  honey  rises  into  the  dark-yellow,  conical  throat, 
which  is  more  tlian  1  mm,  Lung ;  from  this  throat  the  anther- 
cylinder  protrudes.  The  branches  of  the  style  remain  coherent 
almost  to  the  tip,  and  are  coveied  above  and  on  their  outer  sides 
with  short  sweeping-hairs.  The  marginal  florets  have  a  perfect 
ovule,  a  tube  3  mm.  long,  devoid  of  honey,  and  a  narrow  linear 
outer  lobe  6  to  8  mm.  long.  The  style  projects  2  to  3  mm.  beyond 
the  tube  of  the  corolla,  and  divides  into  two  branches  not  half  a 
millimetre  long,  furnished  on  their  inner  surfaces  with  stigmatic 
papillae  and  on  their  outer  surfaces  and  at  their  tips  with 
sweeping- hairs  which  are  no  longer  of  use  to  them.  Thus  division 
of  labour  has  here  taken  plaee :  the  marginal  florets  make  the 
capitulum  conspicuous  and  produce  seed,  while  the  central  florets 
secrete  honey  and  produce  pollen.  The  stigmas  in  the  marginal 
florets  are  distinctly  developed  before  the  pollen  emerges  at  the 
top  of  the  anther-cylinder ;  so  that  if  sufficient  insect-visits  occur, 
cross- fertilisation  of  separate  capitula  always  takes  place.  In 
alraence  of  insects  self-fertiliaation  is  obviously  impossible. 

Vieitora  (April  11,  1B69,  Strombei^  Hill):  A.  Hymenoptera— ji^irfre .■ 
(1)  Apia  melliKca,  L.  ^,  in  liimdreds,  &  (tnil  c.p.  ;  (2)  Asdrena  falvicrai>, 
K.  ?,  do.  ;  (3)  A.  Gwynuna,  K.  $,  s.  nnd  o.p.,  freq.  j  (4)  A.  parvula,  K. 
5 ,  do. ;  (6)  Halictua  nitiduB,  Sohenck,  ? ,  c.p.  B.  Diplera— (a)  Bombslida  : 
(6)  BombyliuB  major,  L.,  s.  ;  (6)  Sgrphida  ;  (7)  EnBtalis  tenas,  L.,  tp.  a 
Coleoptera — NitiduUda:  (6)  Meligethes,  f.p.,  freq.  A  list  of  Alpine  viniton 
(tweaty-one  flies,  three  bees,  one  ant,  tvo  Lepidoptera)  is  i^ven  in  my 
Alpenblanun  (609). 

Pelositea  albus,  Qartn.,  is  Jicecious,  and,  as  is  usual  in  dicecious 
plants,  the  male  capitula  are  tlie  more  conspicuous.  In  the  female 
capitula  there  are  two  kinds  of  florets.  In  the  centre  are  some  whose 
only  function  is  to  produce  honey,  but  which  possess  functionless 
stamens  and  pistil ;  and  around  these  stand  a  much  larger  number 
of  female  florets,  which  produce  no  honey  and  possess  no  stamens, 
The  male  capitula  may  consist  of  florets  of  one  kind  only ;  these 
secrete  honey  and  possess  a  style,  whose  hranclies  sweep  out  the 
pollen  from  the  anther-cylinder  by  means  of  hairs  in  the  oi-dinary 
way  but  are  not  provided  with  stigmatic  papillw.  But  the  male 
capitula,  as   often  as  not,  contain  snrne  small  /vn/-iio-n/rx.f  florets 
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also;  these  occupy  the  same  position  in  the  male  capitulum  as 
the  sexual  florets  in  the  female,  and  they  resemble  the  latter  in 
the  complete  absence  of  a  nectary  and  of  stamens,  in  the  possession 
of  a  style,  and  in  the  very  narrow  tubular  corolla.  They  are 
obviously  degenerate  female  florets,  which  occupy  in  reduced 
numbers  and  in  a  functionless  condition  the  place  that  in  the  primi- 
tively hermaphrodite  or  gynomonoecious  capitulum  was  occupied  by 
functional  female  florets  (609). 

Homogyne  cUpina,  Cass.,  is  gynomonoecious.  The  marginal 
female  florets  secrete  no  honey  and  have  lost  all  traces  of  stamens, 
and  their  corolla  is  reduced  to  a  short  and  narrow  tube  with  a 
more  or  less  insignificant  remnant  of  a  ligulate  limb.  I  have 
seen  the  plant  visited  by  five  Diptera,  one  humble-bee,  and 
twenty-eight  Lepidoptera  (609). 

•237.  Arnica  Montana,  L.  (Sid.) : — 

Visitors  :  A.  Hymenoptera — Apufa :  (1)  Apis  mellifica,  L.  9,8.  and 
c.p.,  ab.  ;  (2)  Bombus  pratorum,  L.  9,8.;  (3)  Andrena  Gwynana,  K.  9 ,  c.p. 
B.  Diptera — (a)  Bombylidce :  (4)  Anthrax  Lottentotta,  L. ;  (b)  Empida :  (5) 
Empis  tesselata,  F.,  s.,  ab.  ;  (c)  Syrphidce :  (6)  Eristalis  horticola,  Mgn.  ;  (7) 
E.  arbustorum,  L. ;  (8)  E.  nemorum,  L.,  all  three  very  ab.,  s. ;  (9)  Syrphus 
ribesii,  L.,  ab. ;  (10)  S.  umbellatarum,  Mgn.  ;  (11)  Yolucella  bombylans, 
L.,  freq. ;  (12)  V.  pellucens,  L.,  all  s.  and  f.p.  (d)  Conopida:  (13)  Sicus 
ferrugineus,  L.,  s.  C.  Lepidoptera — Rhnpalocera:  (14)  Argynnis  Aglaia,  L. 
(15)  Vanessa  urticae,  L. ;  (16)  Vanessa  lo,  L.,  all  three  s.  D.  Coleoptera — {a, 
Lamellicomia :  (17)  Trichins  fasciatus,  L.  ;  {h)  ChrysomeUda :  (18)  Crypto- 
cephalus  sericens,  L. 

The  structure  of  the  flower  is  described  in  my  Alpenblumen. 
On  the  Alps  I  have  found  it  visited  by  three  beetles,  seven  flies, 
four  humble-bees,  and  thirty-four  Lepidoptera. 

238.  Senecio  jACOBiEA,  L. — Sixty  to  eighty  florets,  each  con- 
sisting of  a  tube  2^  to  3  mm.  long  and  a  throat  equally  long,  are 
united  into  a  disk  7  to  10  mm.  in  diameter  ;  twelve  to  fifteen 
radiating  marginal  florets  increase  this  diameter  threefold.  The 
style  has  the  same  characters  as  in  Taiuf^etum, 

Visitors:  A.  Hymenoptera — (a)  Apldcn :  (1)  Apis  mellifica,  L.  ^^•''•^"'l 
c.p.  ;  (2)  Bombus  lapidarius,  L.  5  cJ .  c.p.  and  a.  ;  (3)  B.  pratorum,  L.  5  cJ » 
c.p.  and  s.  ;  (4)  B.  campestris,  Pz.  ^,  s.  ;  (5)  Andrena  fulvicrus,  K.  ?,  c.p. 
(d)  A-  denticulatA.  K.  9.  c.d.  :  17)  Halictus  cvlindricus.  F.  r^  :  (S)  H.  albipcs. 


(Thuriiigia)  ;  (16)  Huriiides  Iriintorum,  L.  2  (J ,  a.  and  cp.  (h)  Ttnlh-siin'vite  : 
(17)  Tnrpa  cephuloted,  F.  (Thur.)  B.  Diptera— (n)  Utratiomyida ;  (18)  Odonto- 
myia  viriciHlii,  F.,  s.  and  f.p.,  Tery  ab. ;  (6)  Syrphula  :  (19)  Eriatnlis  tenai,  L.  j 
(20)  K  neinonim,  L, ;  (31)  E.  arbustorum,  L.  ;  (22)  E.  Bepulcrolia,  L.  ;  (23) 
E.  (eneus,  Scop.  ;  (24)  Syritta  pipiens,  L.  ;  (23)  Ascia  podagriua,  F.,  all  very 
ab.,  both  B.  and  f.p.  ;  (26)  Cheiloaia  aoror,  Zett ;  (27)  Cli.  prsetox,  Zett 
{Teklenburg,  Borgsl.),  freq.  ;  (e)  Eaipida :  (28)  Erapis  lirida,  L.,  very  ti.b.,  s.  ; 
(rf)  Mutcida :  (29)  Lucilia  ep.  ;  (30)  Pollenia  rudis,  F.  ;  (31)  Aricia  incana, 
Wiedem.  ;  (32)  Oncsia  floralis,  B.  D.  ;  (33)  0.  BCpnlcralis,  Mgn. ;  (34)  Oliviero 
lateralifl,  Pa.,  very  freq,  ;  (e)  MycflophitidiK :  (35)  Sciuni  Thoraw,  h.  C.  Lepi- 
doptera— (a)  Rhopulocera :  (36)  PolyomiuatnH  Phltsaa,  L. ;  (37)  SatyruB 
hyperanthuB,  L.  ;  (6)  Sphinges  :  (38)  Sesia  asiliforniia,  Kott.  (Tbur,),  all  a. 
D.  Coleoptera  :  (39)  ffidemera  virescenB,  L.,  f.p.  E.  Heraipterd— (40)  Cap8u» 
sp.     See  also  No.  590,  iti. 

239.  SesECIO  vulgaris,  L.^Sisty  to  eighty  florets  unite  to 
form  a  capitulum.  In  each  the  tube  is  85  to  4  mm.  long,  the 
throat,  to  whose  base  the  honey  rises,  is  only  1  to  1^  mm.  long  ; 
the  honey  is  therefore  very  easily  accessible.  But  since  the 
capitula  have  no  marginal  florets  with  long  outer  lobes,  and  ai"e 
Bcajcely  4  mm.  in  diameter,  tliey  are  very  incoaspicuoua  and  are 
very  sparingly  visited  by  insects. 

In  the  course  of  fifteen  years  I  have  only  seen  the  plant 
visited  by  one  drone-fly,  Syritta  pijdens,  s.  and  c.p.  freq.,  and  by 
Pi/roco>-is  aptera,  L.,  s. ;  Br.  Buddeberg  found  two  bees,  Huiidus 
morio,  F.  2,  c.p.,  and  Ecriadcs  tritncomm,  L.  6,  a. 

On  the  other  hand,  self-fertilisation  takes  place  regularly.  The 
pollen -grain  a,  swept  out  by  the  hairs  at  the  tip  of  the  style,  remain 
partly  on  the  eilge  of  the  stigmas  and  partly  fall  upon  their  inner 
surfaces  when  they  separate.  It  is  certain  that  tliis  self-fertilisation 
is  effectual,  for  the  plant  is  fully  productive  even  in  periods  of  bad 
weather,  when  it  is  assuredly  not  visited  by  insects. 

Tribe  CifiaroiJece. 

240.  EcHiNOPS  spH.EBOCEPeALrs,  L.— The  corolla  is  5  to  6  mm. 
long  and  almost  filled  up  by  the  style ;  it  is  cleft  neajly  to  the 
base  into  five  linear  lobes,  and  the  honey  is  therefore  accessible 
to  very  short-lipped  insects.  The  stigmas  are  not  only  surrounded 
by  a  ring  of  long  hairs  at  their  base,  but  Eire  covered  with  short 
hairs  on  the  whole  of  their  outer  surfaces.  As  the  style  emerges 
from  the  anther- cylinder  it  sweeps  the  greater  jtart  of  the  pollen 
before  it  but  remains  dusted  with  a  small  part,  After  emerging, 
its  two  branches  (stigmas)  remain  still  for  some  time  folded  together, 
80  that  the  insect-visitors  may  remove  the  pollen  adhering  to  their 
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outer  surfaces ;  finally  they  separate  and  display  their  inner  sur- 
faces (which  are  smooth,  hut  capable  of  fecundation)  to  the  touch 
of  visitors.     Self- fertilisation  cannot  occur. 

Hymenoptera— (a)  Ap'ida  :  (1)  Bombua  lapidivriiis,  L.  5  ;  (2)  B.  silvanim, 
L.  5  ;  (3)  B.  muacorum,  F.  (J  ^  ;  (4)  Halietiia  quadricinttiiB,  F.  ?  J ;  (iS) 
H.  rubicunduB,  Chr,  (J,  all  s.  ;  (fc)  Vupida :  (6)  Polistes  gallica,  L.,  and  var. 
djadetna,  ab.,  a.     See  also  No.  590,  iii. 


Echinops  Ritro,  L.,  waa  found  hy  Delpino  to  be  visited  hy  a 
sand-wasp,  Scolia  hicincta  {17B). 

241.  Carlina  AfAULis,  L. — In  this  plant  the  involucral  bracts 
play  a  more  important  part  than  usual.  The  outer  ones  are  anned 
with  such  strong  spines  that,  in  connection  with  the  spiny  loaves,  ihey 
form  a  strong  safeguard  against  any  attempt  to  devour  the  plant. 
The  inner  ones  help  to  make  the  flower  conspicuous  by  day,  and 
at  night  and  in  rainy  weather  close  in  over  the  flower  to  protect  it 
from  wet  and  cold  (6og). 

The  opening  and  closing  of  the  capituluni  in  Carlina  and  other 
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Cynarese  is  brought  about,  according  to  Rathay.^  by  loss  and  gain 
of  fluid  in  a  layer  of  sulerenchyina  in  the  involucral  bracts. 

Vieitors  in  Low  Germany  ;  A.  Hyiuenoptora — Ajivta :  (1)  Bombus 
lopidarius,  L.  g  ;  (2)  B.  confuBas,  Si:beiick,  ,J  ;  (3)  B,  sdlrarum,  L.  (J  ;  (4j 
B.  agrorum,  F.  d ;  (5)  B.  rau8i:orum,  F.  J ;  (6)  B.  terrwlria,  L.  (J ;  (7) 
B.  mpeatris,  L.  (J ,  all  very  freq.,  b.,  sometiines  spendiug  the  night  in  the  tliietle- 
■iouB  malea  of  Halictua,  the  most  frequent  being  (8)  H.  cylindriens, 
F.  (J,  and  (9)  H.  (luailridnctHs,  F.  £.  B.  Coleoptera— Ourcu/ionirfw;  (10) 
Larinns  senilis,  F.    For  Alpine  visitors,  me  No.  6og. 

2+2.  CarLINA  vulgaris,  L.  {Thuringia,  eud  of  August  and 
beginning  of  September  1869) : — 

Viflitnra  :  A.  Hymenoptera — (n)  Apiila ;  (1)  Bomhua  lapidarius,  L.  ^  ;  (2) 
B.  terrestria,  L.  J  ;  (3)  Haliotns  cylindricuB,  F.  |J,  very  freq.  ;  (4)  H.  quadri- 
cinctus,  F.  ^ ;  (h)  McgachUe  circumcincto,  K.  'i  ;  (6)  M.  lagopoda,  K.  ^, 
(only  once !) ;  (7)  Ceelioxys  quadridentala,  L,  ? ;  (8)  C.  acuminata,  NyL  ?  ; 
(6)  Sphegidtt:  (9)  Ceropales  iiiaciilata,  F.  ?,all  sucking.  See  also  No. 
590.  ni. 

243.  Arctium  (Lappa)  minus,  D.C. — The  throat  of  the  corolla 
is  3  mm.  long,  with  erect,  triangular  teeth  only  1  mm.  long ;  it 
becomes  filled  with  honey  often  more  than  half  way  np.  The 
branches  of  the  style,  which  are  little  ovftr  1  mm.  long,  are  covered 
over  the  whole  inner  surface  with  colourleas  stigniatic  papillse,  and 
on  the  violet  outer  surface  with  short,  sharp  hairs,  directed  obhquely 
upwards ;  these  hairs  are  continued  a  short  distance  below  the 
bifurcation  of  the  style  and  terminate  in  a  ring  of  longer  hairs 
(cf  Hild.  357,  p.  45,  pi.  v.,  fig.  32).  The  style  emerges  from  the 
anther-cylinder  as  far  as  a  point  1  to  2  mm.  below  the  ring  of 
longer  hairs,  and  spreads  its  two  stigniatic  branches  widely  apart. 
Self-fertilisation  can  scarcely  occur. 

Viaitora  :  (1)  BombuH  agrnruKi,  L.  ^ ,  s.  ;  (3)  UalidiiB  longulua,  Sm.  9  >  e. 
See  also  No.  590,  in. 

244.  Arctium  (Lappa)  tomentosum,  Lam. 

Visitors:  A.  Hymen  op  lera—.i4pirf(r .-  (1)  Api8niellifica,L.5, very  ak.B.  and 
cp.;  (2)  BombiiH  agronini,  F.  (J  (J ,  p. ;  (3)  B.  campestris.  Pi. ^ , «.  ;  (4)  B.  sU varum, 
L.  5i  8-  ;  (5)  Megachile  centunculariB,  L.  9i  s.  B.  Lepidoptera— A'oc(i«f  .■  (6) 
flusia  gamma,  L.,  s.,  ab. 

245.  Carduus  CRISPU8,  L. — The  expanded  throat  of  the  corolla 
is  2i  to  3  mm.  long,  and  the  linear,  very  slightly  divergent  segments 

SiCiaifjsbtr.  dtr  Akad.  dcr  ll'isstnscko/l,  Berlin,  vnL  liuiii.  May,  lesl. 
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are  4  to  5|  mm.  long.  About  thirty-five  to  seventy-eight  florets 
unite  in  a  capituhim,  which  inferiorly  is  scarcely  10  mm.  in 
diameter.  The  tubes  of  the  florets  point  outwards  more  and  more 
the  nearer  they  stand  to  the  edge,  and  the  whole  capitulum  when 
seen  from  above  appears  as  a  red  surface  25  to  30  mm.  in  diameter. 
It  is  also  conspicuous  when  seen  from  the  side.  Otherwise  the 
structure  of  the  flowers  agrees  with  that  of  Cniciis  arvefisis ;  but 
the  list  of  insect-visitors  is  limited  by  the  greater  depth  of  the 
throat  of  the  corolla. 

Visitors:  A.  Hymenoptera — Apidce:  (1)  Bombui*  agrorum,  F.  9  ^,  s.  ; 
(2)  B.  lapidariuss  L.  9^,8.,  both  ab.  (the  males  as  late  as  October  2) ;  (3) 
Halictos  cylindricus,  F.  ^ ,  s. ;  (4)  Ovinia  fulviventris,  Pz.  ? ,  c.p.  ;  (5)  Stelis 
aterrima,  Pz.  9 ,  s.  B.  Diptera — SyrphUIct :  (6)  Eru<talis  tenax,  L.,  s.  and  f.p.,  ab. 
C.  Lepidoptera — (7)  Pieris  napi,  L.,  s. ;  (8)  P.  rapa?,  L.     See  also  No.  590,  iii. 

246.  Carduus  acanthoides,  L. — The  capitulum  is  even  more 
conspicuous  than  in  C,  crispus,  since  the  narrow  segments  of  the 
corolla  are  7  to  8  mm.  long  (instead  of  4  to  5^).  The  honey  is 
more  easily  accessible,  for  the  throat  of  the  corolla  is  wider  than  in 
C.  crispuB  and  only  2  mm.  long  (instead  of  2 1  to  3).  Moreover 
C.  acanthoides  (at  Mtihlberg,  in  Thuringia)  grows  associated  in 
much  greater  numbers  than  C,  crispus  (at  Lippstadt).  These  three 
circumstances  account  for  the  very  much  greater  number  and 
variety  of  insect- visitors  in  the  case  of  C.  acanthoides^  whose  flower 
has  otherwise  the  same  structure  as  that  of  C,  ci^pus. 

A.  Hymenoptera— (a)  Apulas :  (1)  Bombus  lapidarius,  L.  9  >  (2)  B.  silva- 
nun,  L.   9  ?  J  (3)  B.  muscorum,  F.  9  ;  (4)  S«  pratorum,  L.  $ ;  (5)  Dasypoda 
hirtipes,  F.  ?  ;  (6)  Cilissa  tricincta,  K.  (leporina,  Pz.),  ?  ;  (7)  Halictus  inter- 
Tuptus,  Pz.  i ;  (8)  H.  nitidiusculus,  K.  <J  ?  ;  (9)  H.  albipes,  F.  ^ ,  ab. ;  (10) 
H.  qnadricinctus,  F.   (J  ?,  very  ab. ;  (11)  H.  rubicundus,  Chr.  $  ?,  freq.  ; 
(12)  H.  longulu8,Sm.  (J  ?  ;  (13)  H.  cylindricus,  F.  (J ;  (14)  H.  quadrinotatus, 
K.  (J,  scarce;  (15)  H.  maculatus,  Sm.   $  ?;  (16)  H.  minutus,  K.  (J;  (17) 
H.  lucidalusy  Scbenck,  ?  ;  (18)  H.  Smeathmanellus,  K.  9,  all  (1—18)  s.,  only; 
H.  quadricinctns,  ^  >  <^-P-  al**o  5  (19)  H.  leucozonius,  K.  ^  ? ,  s.  and  c.p.  ;  (20) 
Osmia  spinulosa,  K.  ?,  very  ab.,  s.  and  c.p.  ;  (21)  O.  aenea,  L.  ^,  s.  ;  (22)  O. 
anrulenta,  Pz.  9|8.  and  c.p.;  (23)  O.  fulviventris,  F.    ?,  s.  and  c.p.;  (24; 
M^acbile  lagopoda,  K.  9  ^ »  »•  ^"^  ^-P*  J  (-•'')  ^^-  centunculariB,  L.  (J ,  s.  ;  (2C) 
M.  versicolor,  Sm,  9 »  s.  ;  (27)  Chelostoma  campanulurum,  L.  9  (?>  s-  ^^^  ^P-  » 
(28)  Heriades  truncorum,  L.  9  c?>  ^-  t^^id  c.  p.  ;  (29)  Stelis  phajoptera,  K.  9> 
not  rare  ;  (30)  St.  aterrima,  Pz.  9  (?>  **req.  ;  (31)  St.  breviuscuhi,  Nyl.  9  ;  (•'^2) 
Proflopis  punctulatissima,  Sm.  9  •     ^Y  ^^^  the  most  important  visitors  aiv  tlu' 
bees  with  abdominal  collecting-brushes.     I  have  found  Osmia  spinulosa   on 
Carduus  acanthoiden  in  the  same  abundance,  and  working  with  the  same  dili- 
gence,  aA   Megachile   on  Onopordon.      (b)   VespUlm  :  (33)   Cerceiis  variabilis, 
Schrk.  9i8«     S-  Diptera— (a)  Syrphidce:   (34)  Erif*talis  arbu^tonmi,  L.,  s. ; 

Z   2 


340  THE  FERTILISATION  OF  FLOWERS.         [part  hi. 

(6)  ChnopidcR :  (35)  Conops  scutellatug,  Mgn. ;  (36)  Physocephala  rufipes,  F., 
both  8.  C.  Lepidoptera— (a)  Rhopalocera :  (37)  Pieris  brassica,  L.  ;  (38) 
Argynnifl  Aglaia,  L.  ;  ih)  Sphinges  :  (39)  Zygaena  carniolica,  Scop. ;  (c)  Noctuce  : 
(40)  Pliisia  gamma,  L.,  all  s.  D.  Colcoptera— (a)  ElaUridce:  (41)  Corymbites 
holosericeus,  L.  ;  (6)  Lamellicornia :  (42)  Trichius  fasciatus,  L.  ;  (c)  Curcu- 
lionidce :  (43)  Larinus  Jaceae,  F. ;  (d)  Chrysonielida :  (44)  Cryptocephalus  seri- 
ceu8,  L.     See  also  No.  590,  iiL 

247.  Carduus  nutans,  L.  : — 

Visitors  :  A.  Hymenoptera — Apidas :  (1)  Bombus  hortonim,  L.  <J  ;  (2)  B. 
pratorum,  L.  5  (J  ;  (3)  B.  vestalis,  Fourc.  ^  ;  (4)  Halictiis  cylindricus,  F.  (J ; 
(5)  H.  malachurus,  K.  $,  all  s.  B.  Lepidoptera — Sphinges:  (6)  Zygaena  loni- 
cerae,  Esp.     See  also  No.  590,  iii. 

Carduus  dejloratibs,  L. — I  have  seen  this  species  visited  by  103 
species  of  insects,  of  which  fifty-four  were  Lepidoptera,  mostly 
butterflies  (609). 

248.  Cnicus  (Cirsium)  arvensis,  L. — Somewhat  over  a 
hundred  florets  are  united  in  one  capitulum.  The  tube  of  each 
floret  is  8  to  12  mm.  long,  the  wider  throat  1  to  1^  mm.  long, 
and  the  five  linear,  slightly  divergent  segments  are  4  to  5  mm. 
long.  The  capitulum  is  scarcely  8  mm.  in  diameter  in  its  lower 
bracteate  portion,  but  when  seen  from  above  it  forms  a  red  surface 
20  mm.  or  more  in  diameter.  Since  the  honey  rises  up  into  the 
throats  of  the  florets,  numerous  insects  of  various  orders,  attracted 
by  the  conspicuous  capitula,  are  able  to  enjoy  it.  A  proboscis 
need  only  be  1  to  Ij  mm.  long  to  reach  to  the  bottom  of  the 
throat  of  a  floret,  so  that  the  rich  store  of  honey  is  accessible  not 
only  to  bees  and  Lepidoptera,  but  also  to  wasps,  flies,  and  beetles, 
which  seek  it  diligently.  In  the  first  stage  of  the  flower,  a  large 
quantity  of  pollen  emerges  at  the  upper  end  of  the  anther- 
cylinder,  pressed  up  by  the  lengthening  style.  Owing  to  their 
slight  stickiness  and  to  the  possession  of  sharp  processes  over 
their  whole  surface  (Fig.  114,  2,  3)  the  pollen-grains  adhere  easily 
to  one  another  and  to  the  hairs  upon  the  insect.  Gradually  the 
style  itself  protrudes  2  to  2 J  mm.  from  the  anther-cylinder.  At 
its  end  it  divides  into  two  branches  nearly  2  mm.  long,  which  are 
thickly  covered  on  their  outer  surface  witli  small,  sharp  hairs 
(Fig.  114,  5,  c).  Immediately  below  the  division  of  the  style, 
this  hairy  surface  ends  in  a  ring  of  longer  hairs  {h).  On  emerging 
from  the  anther-cylinder  the  tip  of  the  style  is  thickly  covered  all 
round   with  pollen  ;  if  sufiicicnt  insect-visits  occur,   (and  in  fine 
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I     weather  tbey  never  fail)  the  pollen  is  in  a  short  time  all  removed. 

I  But  if  insects  do  not  \isit  the  flower  until  the  stigmatic  edgea  of 
the  branches  of  the  style  have  already  bent  outwards,  then  self- 
fertilisation  is  possible,  since  in  this  case  the  hairs  of  the  style 
still  remain  covered  with  pollen.  If  insects  do  not  visit  the  flower 
at  nil,   some  of  the  pollen -grains,   which  hang  in  little   clumps 
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to  the  hairs,  may  easily  fall  of  themselves  upon  the  stigmatic 
papillae.  In  fine  weather,  and  in  the  open  air,  this  can  scarcely 
ever  take  place,  for  Cnicvs  arveTisis  ia  one  of  the  most  abundantly 
visited  of  all  our  native  plants  Aa  the  following  list  shows,  very 
few  insects  resort  to  it  for  the  sake  of  its  pollen,  but  very  majiy  for 
its  honey : — 
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Visitors :  A.  Hymennptera— (a)  Apid/r :  (1)  Apis  melJi&ca,  L.  ? ,  in  gre«t 
alinndance,  some  c.p.,  mwtly  aucfcing ;  (2)  BnmbiiB  lapidarins,  L.  5 1  *■  i  (') 
B.  hortomm,  L.  J,  b.  ;  (4)  Dasypodn  hirtipeB,  F.  $  (f,  c,p.  and  s.,  ihe  J 
numeroiia;  (5)  Ciliasa  leporina,  Pc  <J,B.,rr«i.;  (6J  Ainlrenafulvicrns,  K  2; 
(7)  A.  doreata,  K.  ?  ^J ,  ab.  ;  (8)  A,  Owynana,  K.  S  ij .  freq.  ;  (9)  A-  "aria,  K. 
(J  ;  (10)  A.  pilipCB,  F.  i  i  (II)  A.  vitrea,  Sm.  (=  nilens,  Scht-nck),  ,J,CasHel  ; 
(12)  Halictm!a«vipe9,F.?;{13)H.longulua,Sm.  J;  (14)  H.  taTMtii»,ScheiicJc, 
2  i  (15)  H.  nitidiusculus,  K.  ^  ;  (16)  H.  luimitus,  K.  $  ;  (17)  H.  tnaculatns, 
Sra.  5  !  (18)  H.  cylindriciM,  F.?  (J,  very  ab.  ;  (19)  H.  ulbipes,  F.  J  ;  (20) 
H.  nibicundun,  Chr.  J  ;  all  the  apecie*  of  Andrena  and  Haliclus  and  all  the 
following  bees  only  hucIc  honey  ;  (il)  Nomada  Solidagiuis,  Pz.  $  (}  ;  (2S)  N. 
BobeiJBotiana,  Pz.  ?  tJ  ;  (23)  N.  lineola,  Pi.  ?  J,  sb.  i  (24)  N.  nigrita, 
Schenck,  J;  (25)  N,  Jacobieie,  Pi!.  $(I,ab.  ;  (26)  Epetilusvariegatua,  L.  2  d, 
scarce  ;  (27)  SphecodM  ^ibbus,  L.  2  (J  i  several  variutiefi,  iiiclDding  ephippia, 
L.  ;  (28)  Proaopis  communis,  NyL  J,  ab.  ;  (39)  P,  confusa,  Nyl.  (hyalinata, 
8m.),2  cj  ;  (30)  P-  Binunta,  Schenck,  ^  ;  (31)  P.  variegata,  F.  ?  J,ab.;  (32) 
Heriadee  truncorum,  L.  2  ;  C")  Sphtgidte:  (33)  Crabro  cribrariuB,  L.  2  ;  (3*) 
Cr.  alatUB,Pz.  ?  d,  very  ab. ;  (35)  Lindeniua  nlbilabriB,F.  ?  (J  ;  (36)  OxybelUB 
trispinosUB,  F.  2  i  (37)  0.  unigluinis,  L.  2  d>  "^- !  (38)  Cerceris  arenaria,  L. 
?  J,  not  rare;  (39)  C.  nasuta,  KL  2d.ab. ;  (40)  C.  variabilia,  Schr.  2  <J. 
very  ab.  ;  (41)  Philanthua  triangulum,  F.  2^1  f'^l-  •  (^)  Bembes  rostrato, 
L.  2  ;  (43)  DinetuH  pictiifs  F.  2  d  >  (^)  Amiiiupliila  sabulosa,  L. ;  (45)  Salioa 
eangiunole&tua,  F.,  all  b.  ;  (')  Ckiysiria :  (4G)  Uedjchrum  luciduliim,  Latr.  $ , 
B.  ;  (iJ)  Jchtitumonidie  :  (47)  VariaUB  Ep.  ;  {t)  Tenthrtdinida :  (48)  Tenthredo 
notha,  Kl. ;  (49)  Several  niidetermined  Hp.,  ».  B.  Diptera— (a)  Slraliomi/idm  : 
(l»)Odontomyiaviridula,F.,aotrare,8.;  (6)  Tatanirfte.- (51)  TabanuarUBticiiH, 
L.,  I.,  freq.  ;  (e)  Bombglida:  (52)  Anthrax  flava,  Mgn.  (Thuringia)  ; 
(rf)  Sffrpkida  :  (53)  SytphuB  sp.  ;  (54)  Melithreplus  tBeniatus,  Mgn.  ;  (55) 
EristaliB  MpulcraliB,  L. ;  (5G)  E.  ocneiia,  Scop.  :  (57)  E.  leiini,  L.  ;  (58)  E. 
arbastorutn,  L.  ;  (59)  £.  nemnnim,  L.,  all  ab.,  s.  ;  (60)  E.  intricnriun,  L.  ;  (61) 
Syritta  pipiens,  L.,  ab.  [  («)  Coaopida :  (62)  Conops  flavipea,  L.  ;  (63)  Phyao- 
cephala  rnfipes,  F.,  b.,  freq.  ;  (/)  Einiiidit :  (64)  Empis  livida.  L.,  a.  ;  (j) 
Mutcida  :  (65)  Ocyptera  brassicaria,  F.  ;  (66)  0.  cylindrica,  F.,  both  freq.,  a. ; 
(67)  Sarcophaga  camario,  L.,  a.  ;  (68)  Onesia  floralia,  R.  B.  ;  (69)  Lucitia  aeri- 
cata,  Ugn.  ;  (TO)  L.  comicina,  F.,  ab.,  a. ;  (71)  Mueca  corvina,  F.,  s.,  ab. ;  (72) 
Oliviera  lal^ralis,  F.,  s.  ;  (73j  Platystoma  aeminationis,  F.  C.  Lepidoptera — 
(a)  Rhopalocera  ;  (74)  VanesBa  u.rtic»,  L,  ;  (75)  Pieria  brassic«,  L.,  freq,  ; 
(76)  Shodocera  rhanni,  L.  ;  (77)  Heaperia  silvanua,  Eiip.  ;  (78)  Satyrus  Janira, 
L.  :  (79)  Thecla  rubi,  L.  ;  (i)  Sphinga :  (80)  Zygiena  caminlica,  Scop.  (Thn- 
lingia),  alls.;  D.  Coleoptera — (a)  Elaleridin:  (81)  AgriotPa  gallicua,  L^ 
(Thur.)j  (82)  A.  uatulatus,  Schaller  (Thur.)  ;  (6)  LamtUkomia:  (83)  Tri- 
chiuB  fa»ciatus,  L.  ;  (c)  Mordellfda :  (34)  Mordella  foaciata,  L.  ;  (85)  M. 
aculeala,  L.,  bolh  freq.  ;  {d)  Malacodemiata  ;  (86)  Telephorua  inelanuma,  P., 
very  abundant,  thrusting  their  heads  into  the  tube,  and  also  pairing  upon  the 
flowers  ;  (e)  CuTCuUimida :  (87)  Bruchus,  sp.  ;  (88)  Larinua  Jaeeffi,  L.  (Thur.), 
&ee  also  No.  590,  iil,  for  additional  visitora  in  Low  Germany.  A  list  of 
Alpine  visitora  (four  Coleoptera,  six  Diptera,  seven  bees,  one  Sphegidn,  and 
fbnrteen  Lepidoptera)  is  giveik  in  my  Alpenbiameii  (No.  609). 
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249.  Cnicus  (Cirsium)  oleraceus,  L. 

Visitors:  A.  Hymenoptera — Apidce:  (1)  Apis  mellifica,  L.  9,  s.  ;  (2) 
Bombus,  8.  B.  Lepidoptera — Noctuce :  (3)  Euclidia  glyphica,  L.,  s.  See  also 
No.  609. 

I  have  not  investigated  the  flowers  closely. 

250.  Cnicus  lanceolatus,  Scop. — The  chief  diflference  be- 
tween the  flowers  of  this  species  and  of  C.  arvensis  is  that  here  the 
honey  is  much  less  accessible.  For  not  only  are  the  narrow  tubes 
of  the  florets,  and  accordingly  the  involucre  also,  much  longer 
(16  to  18  mm.),  which  has  no  effect  on  the  accessibility  of  the 
honey  ;  but  the  throat,  in  whose  base  the  honey  collects,  is  also 
much  longer  (4  to  6  mm.  against  1  to  1^  in  C.  arvensis).  From 
this  cause  the  variety  of  insect-visitors  is  greatly  limited  ;  but  the 
flowers  are  all  the  more  diligently  visited  by  long-proboscised  bees, 
especially  humble-bees. 

Visitors  :  A.  Hymenoptera — (a)  Apida :  (I)  Apis  mellifica,  L.  $  ;  (2) 
Bombus  terrestris,  L.  §  (J ;  (3)  B.  agronim,  F.  $  (J  ;  (4)  B.  lapidarius,  L. 
9  (J  (as  late  as  Oct.  9,  1869  !),  all  four  ab.,  s. ;  (5)  B.  campestris,  Pz.  (J ,  s.  ; 
(6)  Megachile  maritima,  K.  ? ,  cp.  ;  (6)  Vespidce  :  (7)  Polistes  gallica,  L.,  and 
var.  diadema,  freq.  (s.  ?).  B.  Diptera — Syrphida :  (8)  Eristalis  tenax,  L. ;  (9) 
E.  arbustorum,  L.  ;  (10)  E.  nemorum,  L.,  all  three  f.p.  and  s.,  very  ab.  (as 
late  as  Oct  13,  1874).  O  Lepidoptera — Rhopalocera:  (11)  Pieris  brassicse,  L., 
ab.,  s.  ;  (12)  Hesperia  sp.,  s.     See  also  No.  590,  iii.,  and  No.  609. 

251.  Cnicus  eriophorus.  Scop.,  is  visited  very  abundantly  in 
Thuringia  by  Megachile  lagopoda,  K.  5  ^ ,  s.  and  cp.  On  the  Alps 
I  have  found  it  visited  by  humble-bees  and  by  various  Fritillaries 
{Argynnis)  (609). 

252.  Cnicus  ochroleucus.  All,  has  yellowish -white  flowers, 
and  is  also  visited  on  the  Alps  by  humble-bees  and  Lepidoptera 
(609). 

253.  Cnicus  palustris.  Scop.,  stands,  in  regard  to  the  ac- 
cessibility of  its  honey  and  the  variety  of  its  insect-visitors, 
between  C.  lanceolatus  and  C.  arvensis.  The  throat  is  2^  mm. 
long  (in  C,  arvensis  1  to  1|,  in  C,  lanceolatus  4  to  6) ;  in  all  other 
points  the  flowers  of  these  three  species  are  alike  in  structure. 

Visitors  :  A.  Hymenoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9  >  ^^^^7 
freq.,  s.  ;  (2)  Bombus  lapidarius,  L.  $  (J ,  cp.  and  s.  ;  (3)  B.  pratorum,  L.  ^  > 
p.  ;  (4)  B.  vestalis,  Fourc.  ? ,  s.  ;  (5)  B.  Rajellus,  111.  ? ,  s.  ;  (6)  Andrena 
Coitana,  K.  9,8.;  (7)  A.  Gwynana,  K.  (J ,  s.  ;  (8)  Halictus  cylindricus,  F.  9  c? , 


THE  FERTILISATION  OF  FLOWERS.         [pakt  i 


I 


344 

e.p.  and  t,  very  treq.  ;  ,'9;  MrjMi-Lile  ctotuDcuUrifi,  F.  (J ,  s. ;  (*)  Spkegida  i 
(10)  LiuJeiiiiu  AlbiUbris,  F.  B.  Dlpt^rs— (aj  ^i^w/ir  .- (Ill  EHsUlis  Imax, 
L.,  ».  and  Cp,  ;  (12)  VolucelU  bumbjUn^  L,  do. ;  (13)  Syrpbos  tricinctns 
Fallen,  tp.  ;  (i)  (WipiVfa  -  (H)  Mens  ferragiaeiu,  U,  ».  C.  Lepidoptent — 
(o)  Mepalocera:  (15)  PifTM  bra».ica^  L. ;  (16j  P- rap*,  L.  ;  (17)  P.  napi,  L.  ; 
<18)  He«peciii«  nlronm,  Eep.  ;  (19)  Satfras  Janira,  L.  ;  (6,  .Voctea .-  (20) 
Flusia  ganuna,  L.,  all  mther  tivq,a.  D.  Coleoptera — (a)  Elaftrida;  (21) 
Agriotes  utalatni,  Sdiallec  (Sid.).;  (b)  Oerati>bgeuia :  (£2)  Smn^ut 
aulannra,  L.  (Slcl.%  ib.    See  alw>  Not  590^  itL,  and  No.  609. 

Cnieux  jtalugfris  and  C.  arrenm  are  gjnodiascious  accordil^  to 
Danwin  (167). 

Cnicua  luaviU,  AIL,  is  visited  by  humble-bees  and  by  Lepi- 
doptera  (590,  609). 

Cnitia  ^nonsBtmus,  Scop.— The  tube  of  the  corolla  U  8  to 
9  mm.,  the  throat  4  to  3  mim  long.  The  in.'iect-visitors  are  very 
numerous  and  various  (609), 

254.  C'siCL's  HETEBOPHVLLCS,  AIL — Several  hundred  florets 
unite  to  form  a  capitulum  (I  have  counted  259).  The  tube  is 
15  mm.,  the  throat  8  mm.  loug.  I  have  seen  the  6ower  visited  l^ 
£ombu3  mesomtlas,  ?  (18  to  20)  (609). 

255.  OsopoEDtJM  AcANTHiLTi,  L. — In  each  floret  the  h<mey 
iiBes  in  the  tube,  which  is  10  to  12  mm.  long,  up  to  the  cyltndricBt 
somewhat  swollen  throat,  which  is  3  to  4  mm.  long,  and  which 
divides  above  into  five  linear  segments,  6  to  8  mm.  long;  these 
segments  do  not  diverge,  but  are  continued  straight  upwards  from 
the  throat  of  the  corolla.  The  length  of  the  tube  of  the  corolla 
in  this  plant,  and  in  most  other  Cynarese,  has  no  influence  on  the 
accessibility  of  the  honey,  since  the  latter  rises  up  into  the  throat; 
it  b  due  only  to  the  development  of  the  involucre,  which  gives 
efi^ectual  protection  to  the  buds  by  completely  surrounding  them 
in  the  form  of  a  deep  cup ;  the  long  tubes  also  serve  to  increase 
the  conspicuoufiness  of  the  flower,  as  they  bend  more  and  mora 
outwards  the  nearer  they  are  to  the  margin.  The  branches  of 
the  style  are  3  to  4  mm,  long;  they  seem  never  to  diverge  in 
Onopordiim,  but  remain  closely  apprej^sed.  They  bear  on  their 
outer  edges  rows  of  stigmatic  papillie,  which  in  the  second  (female) 
stage  of  the  flc>wer  turn  more  outwards  and  expose  themselves  to 
the  touch  of  insect-visitors.  One  millimetre  below  its  division 
into  two  branches,  the  style  bears  a  ring  of  short  hairs,  which 
point  obliquely  upwards  and  are  long  enough  to  sweep  the  an- 
ther-cylinder (J  mm.  wide,  8  to   10   mm.  long)  clear  of  pollen. 
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Although  in  the  first  stage  this  cylinder,  coated  above  with  pollen, 
and  in  the  second  the  tip  of  the  style,  with  its  two  rows  of  stigmatic 
papillae,  projects  5  to  7  mm.  above  the  segments  of  the  corolla, 
many  florets  are  fertilised  simultaneously  by  the  bees  which 
visit  the  flowers,  particularly  by  those  with  abdominal  collecting 
brushes,  which  diligently  sweep  up  the  pollen  upon  the  surface  of 
the  capitulum. 

On  the  southern  slopes  of  Mlihlberg  and  Wandersleber 
Schlossberg  in  Thuringia,  where  I  observed  Onopordum,  the  two 
handsomest  thistles^Onopordum  Acanthium  and  Cirsium  erioplvorum, 
were  fertilised  chiefly  by  the  handsomest  of  the  tailor-bees,  Megachile 
lagopoda,  K.  The  females  fly  boisterously  on  to  a  thistle-head 
and  brush  hurriedly  over  it,  holding  the  abdomen  sometimes  so 
high  that  one  can  see  from  far  ofl*  the  red,  hairy  coat  of  its  under 
side,  or  the  blue  pollen  adhering  to  it.  The  mid  and  hindlegs 
are  actively  occupied  meanwhile  in  a  backward  scratching  move- 
ment, and  the  head  is  sunk  among  the  florets.  As  a  rule  the 
female  turns  once  round  upon  the  capitulum  in .  brushing  ofl*  its 
pollen.  On  leaving  one  capitulum  it  flies  at  once  to  another, 
until,  being  laden  with  sufficient  pollen,  it  flies  off  to  its  nest. 
The  males  also  sit  occasionally  sucking  honey  upon  these  thistle- 
heads,  but  they  are  much  more  occupied  in  pursuing  the  females. 

Delpino's  generalisation,  based  on  insufficient  observations,  that 
Composite  whose  florets  are  packed  closely  together  to  form  a  level 
surface  are  fertilised  by  bees  with  abdominal  collecting-brushes, 
while  those  whose  essential  organs  are  long  and  widely  separate 
are  fertilised  by  ffalictiis,  is  shown  to  be  incorrect  by  this  and  by 
many  more  of  my  observations. 

Visitors  (in  Thuringia):  A.  Hymenoptera — (a)  Apidce:  (1)  Megachile 
lagopoda,  K.  ?  (J ,  c.p.  and  8.,  in  extreme  abundance  ;  (2)  Osmia  fulviventriB, 
Pz.  9  (J,  c.p.  and  a.  ;  (3)  0.  spinulosa,  K.  ?,  c.p. :  (4)  Ccelioxys  conoidea,  111. 
$ ,  8.  ;  (5)  St^lis  aterrima,  Pz.  ?  cJ ,  s.  ;  (6)  Andrena  Schrankella,  N.  ?  ;  (7) 
Halictus  quadristrigatus,  Latr.  9,8.;  (8)  Saropoda  bimaculata,  Pz.  9,8.;  (9) 
Bombus  lapidarius,  L.,  5,8.;  (10)  B.  t^rrestris,  L.  ?,  8.  ;  (11)  B.  rupestris, 
F.  9,8.  ;  (h)  SphegidiP :  (12)  Psammpphila  affinis,  K.  ^j**-  B.  Lepidoptera 
— (a)  Jihojmhcera  :  (13)  Vanessa  urticse,  L.,  8. ;  (14)  Satyrus  Galathea,  L.,  8.  ; 
(h)  Sphinges:  (15)  Macroglossa  stellatarum,  L.,  8.  C.  Coleoptera — (16)  Cooci- 
nella  mutabilis  Scriba,  trying  vainly  to  reach  tlie  honey.  D.  Heniij)toni — 
(17)  Capsu8,  two  species,  8.     See  also  No.  590,  in.,  and  Xo.  609. 

256.  Serratuia  tinctoria,  L.  : — 

Visitors  (at  MCihlberg  in  Thuringia,  Sept.  1871):  A.  IlymonoptriM  - 
Aj)id(E  :  (1)  Bombus  agroruni,  F.  9(J,s.,  ab.  B.  Lepidoptera— yMoy/z/Zofv/v/ .• 
(2)  Colia.s  hyale,  L.,  s.,  ah. 


i 


THE  FERTU,ISATIOX  OF  FLOWERS.         [p*«t  hi. 


Iq  tbia  species  there  exist  female  and  hermaphrodite  pUnte 
with  a  close  series  of  inlenuediate  forms.  The  seeds  of  the  female 
flowers  arc  larger  than  those  of  the  hermaphrodite.* 

237-  Centaurza  Jacea,  L. — The  capitulum  contains  as  a  nile 
from  nxty  to  over  a  hundred  Borets ;  in  these  the  tubular  port  of 
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— Rnd  of  ilyl*.  remcpTBl  from  the  nnthet-oyLndoi.  sod  dl 
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the  corolla  is  7  t-.i  10  inni.  long,  the  expanded  bell-shaped  part 
3  to  4i  mm.  long,  and  the  long,  linear  segments  about  -t  mm.  long. 
The  capituhim  is  only  8  to  10  ram.  in  diameter  on  a  level  with  the 

'   sir  .1.  Rmilh,  Travn.  Linn.  S'ic.  liii.  p.  fiOO,  .lunted  liy  Dunvin,  Nn.  167. 
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tubular  parts  of  the  florets,  but  since  these  bend  over  at  their  upper 
ends  more  and  more  the  nearer  they  stand  to  the  edge  and  diverge 
outwards  around  the  capitulum,  a  capitulum  in  full  bloom  forms  a 
red  circular  area  20  to  30  mm.  in  diameter.  When  a  floret  opens, 
its  style  has  the  position  represented  in  Fig.  115,  3  ;  its  two  stigmatic 
divisions  are  closely  appressed  and  inclosed  in  the  upper  part  of 
the  cylinder  formed  by  the  coherent  anthers ;  a  ring  of  hairs  (Fig.  115, 
3,  4,  e),  directed  obliquely  upwards  and  touching  the  inner  wall  of 
the  anther-cylinder  all  round,  has  swept  all  the  pollen  into  this 
upper  part  of  the  cylinder,  so  that  the  branches  of  the  style  are 
closely  packed  round  with  pollen.  If  the  flowers  in  this  stage  are 
left  untouched  for  a  day  or  two  in  a  room,  the  terminal  valves  of 
the  anther-cylinder  separate,  and  a  little  pollen  appears  between 
them  at  the  top.  But  if  one  now  touches  the  filaments  with  a-needle 
or  a  sharp  pencil  (as  in  a  natural  condition  the  insect's  proboscis 
does),  a  great  quantity  of  pollen  is  in  a  short  time  seen  to  emerge, 
and  the  anther-cylinder  is  seen  to  be  drawn  down  so  far  by  the 
contracting  filaments  that  the  branches  of  the  style  protrude 
above.  Since  their  whole  outer  surface  is  covered  with  small  hairs 
directed  obliquely  upwards,  they  remain,  after  emerging  from  the 
anther-cylinder,  so  thickly  coated  with  pollen,  that  they  are  not 
recognisable  as  branches  of  the  style  until  the  pollen  has  been 
bnished  away. 

Gradually  the  style  grows  up  still  further  beyond  the  anther- 
cylinder  (Fig.  115, 2) ;  the  edges  (set  with  stigmatic  papillae)  of  the 
inner  surfaces  of  the  two  branches  of  the  style  bend  outwards 
(^,  2) ;  and  the  ends  of  these  branches  also,  gape  asunder,  so  that 
here  also  stigmatic  papillae  are  exposed  to  the  touch  of  insect- 
visitors.  Spontaneous  self-fertilisation  can  under  these  circum- 
stances not  occur,  and  self-fertilisation  can  only  be  brought  about 
by  insects,  if,  at  the  time  when  the  stigmatic  papillae  become 
exposed,  the  outer  surfaces  of  the  branches  of  the  style  or  the  ring 
of  hairs  are  still  dusted  with  pollen ;  on  the  other  hand,  if  sufficient 
insect-visits  occur,  cross-fertilisation  is  fully  insured.  Although 
the  expanded  portion  of  the  corolla  is  longer  than  in  most  of  our 
other  native  Compositae,  and  many  short-lipped  insects  (sand-wasps 
and  the  majority  of  flies)  are  therefore  excluded  from  the  honey, 
yet,  in  consequence  of  the  great  amount  of  its  honey,  it  is  one 
of  the  most  frequented  forms.  Various  species  of  bees  corac  in 
numbers  and  pay  lengthy  visits  to  its  capitula,  and  in  creeping 
between  the  anther-cylinders  and  styles  protruding  from  the  florets, 
they  bring  not  only  their  under-sides,  but  the  greater  part  of  their 


I 


hairy  bodies  in  contact  at  one  time  witli  pollen  anil   at  another 
with  stigmattc  surfaces. 

The  following  insects  effect  fertilisation: — 

A.  Hym«nupterii-(<.)  Aj,id,r .-  (1)  Apia  melliBL^n,  L.  5,  nl..,  s.  ;  C^)  Buai- 
bu9  silvarum,  L.  5  5 ,  h.  ;  (3)  B.  Bttronim,  F.  5 ,  b.  ;  (4)  R  pratonini,  L.  ^ , 
g. ;  (5)  B.  rnpt■filTi^  F.,  S  ij  i  8.  ;  (6)  B.  lupidariug,  L.  5 ,  b.  ;  (7)  B.  pompeetria, 
Pz.  (J,  B.  ;  all  tlie  hnmble-bees  dust  chiefly  thoir  head,  bellj,  and  lege  ;  (8) 
Saropodft  bimacwluln,  Pz,  J  J,  very  ab. ;  (9)  Dusypoda  hirtipes,  F.  (J,  b., 
freq,  ;  (10)  AndreDa  pliipeB,  F.  2  ,  c.p. ;  (11)  Halictiw  macuklHa,  Sm.,  ?  £• 
c,p.  and  B. ;  (12)  H.  qtiadridnctUB,  F.  S(J,c.p.  and  b.,  ab.  ;  (13)  H.  rubi- 
cundiiB,  Cbr.  $  (J,  c.p.  and  ».  ;  (14)  H.  leucuzonius,  K.  $  (J, c.p.  and  b.  ;  (15) 
H,  intemiptua,  Pz.  <J,  a. ;  (IS)  H.  cylindricua,  F.  ?  J,  c.p.  and  ».,  veiy  ab.  ; 
(17)  H.  nitidiuBcubs,  K.  cJ  ?,  b.  and  c.p.  ;  (18)  H.  albipea,  F.  (J,  b.  ;  (19) 
H.  lonKuhiH,  Sm.  ?  ^ ;  (20)  H.  ronulu«,  Sm.  ,J,  e..  ;  (21)  H.  uiinulua,  K.  ^, 
i.  ;  (22)  H.  hitiduluB,  ScUenck,  J  ;  (23)  H.  SmeatiimttnelluB,  K.  ? ,  bnth  b. 
and  cp. ;  (24)  Nomada  Buwincta,  Pi.  <},».;  (25)  Osniia  spinulosa,  K.  J, 
c  p.  (Tbur.)  ;  (S6)  Megachile  centuiicularis,  L.  ?  ^ ,  s.  ;  (27)  M.  lagopoda,  K. 
? ,  c.p.  (Tbur.)  J  (28)  Aathidiuiu  atrigatuiii,  Latr.  $ ,  c.p.  (Tbur.)  ;  (ft) 
Vttpidir:  (29)  PoliBtes  golHcti.  F.  (Thnr.).  B.  D!ptpra-(a)  EvipiJa  ;  (30) 
Empia  nuitica,  F.,  b.  ;  (6)  Syrphidat :  (31)  Helophihis  pendoluis  L.,  s.  ;  (32) 
Eriatalis  tenax,  L.,  sometiuefl  c.p.,  sometimes  trying  to  tbruBt  its  nttber  tbick 
proboBcia  into  the  narrow  florets  ;  (33)  Bhingia  nwtTala,  L.,  b.  ;  (i-)  Conofiida  : 
(34)  Physocephala  vittala,  F.,  b.  ;  (35)  ConopB  flavipea,  L.,  b.  C.  Lepidoptent 
— (o)  RkopaloctTa  :  (36)  PiariB  brHsaicaj,  L.  ;  (37)  P.  napi,  L.  ;  (38)  Coliai 
liyale,  L.  ;  (3fl)  PoIyoiumatiiH  Piilteaa,  L.  ;  (40)  Lyi-tena  sp.  ;  (41)  Satyriis 
Galathfji,  L.  ;  (43)  S.  Mega^ra,  L. ;  (43)  9.  Janira,  L.  ;  (44)  8.  pamphilns,  L.  ; 
(45)  Hesperia  ibaumoB,  Hfii.  ;  (b~)  Sphiagt* :  (46)  Zygicnn  lonicerae,  Esp.  ; 
(47)  Z.  carniolica,  Scop.  (Tbur.) ;  (<•)  Noi'tii-r :  (48)  Plnsia  gainma,  L.  Sec 
alwi  No.  590,  m.,  and  No.  609. 

I  became  aware  in  August,  1881,  that  the  capitula  of  Centaurtn 
Jw-ea  tend  to  vary  along  two  lines  from  the  commonest  and  appa- 
rently most  primitive  form  which  I  have  just  described.  The  result 
is,  on  the  one  hand,  very  conspicuous  male  capitula  50  to  55  mm. 
in  diameter,  and  on  the  other  hand  less  conspicuous  female  capitula 
30  to  35  mm.  in  diameter.  In  both  of  these  extreme  forms  the 
marginal  florets  have  the  corolla  greatly  enlarged,  but  the  repro- 
ductive organs  functionless.  In  the  male  capitula,  the  florets  of 
the  disk  possess  a  style  as  well  as  anthers,  but  its  stigmas  never 
separate,  but  coalesce  in  their  lower  part,  In  the  female  capitula, 
the  anthers  of  the  disk-floreta  are  brownish,  shrunken,  and  devoid 
of  pollen. 

These  extreme  forms  are  connected  by  an  unbroken  series  of 
transition-sti^'eB  with  the  primitive  form.  As  the  primitive  form 
began  to  vary  in  one  directinn,  the  marginal  florets  became  gradually 
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longer  and  more  radiating,  and  their  reproductive  organs  diminished 
pari  passu,  and  first  the  anthers  and  then  the  pistil  became  function- 
less.  Thereupon  the  marginal  florets  increased  still  more  in  size, 
the  pistils  of  the  disk -florets  became  functionless,  and  the  male 
capitula  were  complete. 

Varying  in  the  opposite  direction,  the  corolla  in  some  of  the 
marginal  florets  got  smaller,  and  gradually  the  anthers  became 
brown  and  devoid  of  pollen ;  the  same  changes  proceeded  step  by 
step  towards  the  centre  of  the  flower,  until  now  we  find  the  whole 
capitulum  consisting  only  of  female  florets,  and  measuring  only 
1 5  to  18  mm.  in  diameter.  When  this  state  was  reached,  the  coroUae 
of  the  marginal  florets  began  again  to  increase  in  size  and  to  radiate 
outwards,  their  anthers  vanished  completely,  and  their  stigmas  ceased 
to  unfold. 

The  capitula  on  the  same  plant  are  always  much  of  the  same 
form.  In  any  locality  where  capitula  of  the  primitive  form  occur 
along  with  female  capitula,  Centaurea  Jacea  may  be  said  to  be 
g}'nodicecious.  But  since  in  the  outset  of  the  last  described  series 
of  changes  the  outer  florets  become  purely  female,  before  the 
conspicuousness  of  the  head  is  visibly  diminished,  it  is  clear  that 
my  explanation  of  the  origin  of  gynodioecism  suggested  in  the 
cases  of  Thymus  and  Glechoma  cannot  hold  in  this  instance. 
It  seems  much  more  likely  here  that  the  reduced  size  of  the 
corolla  in  the  female  flowers  is  the  result  of  a  tendency  to 
abortion,  spreading  from  the  stamens  to  the  corolla.  This  is 
Darwin's  explanation  of  all  cases  of  gynodioecism  (No.  167, 
chap  vii. ;  611). 

258.  Centaurea  Scabiosa,  L.,  agrees  in  the  whole  structure 
of  its  flower  with  the  previous  species,  but  difiers  only  in  its  honey 
being  more  easily  accessible.  For  while  the  tubular  parts  of  the 
disk-florets  are  longer  than  in  the  previous  species  (11  to  12  mm.), 
the  expanded  part  above,  which  becomes  filled  with  honey,  is 
shorter  (3|  to  4  mm.),  and  while  in  the  primitive  form  of  C.  Jacea 
the  marginal  florets  and  the  disk-florets  were  alike,  I  have  always 
found  in  C.  Scahiosa  the  marginal  florets  devoid  of  stamens  and 
style,  devoid  of  a  wide  superior  portion  (or  throat),  but  notably 
larger  (16  to  22  mm.  long),  with  their  tubes  entirely  directed  out- 
wards and  dividing  into  five  linear  segments,  differing  little  from  one 
another  and  about  2  mm.  longer  than  those  of  the  disk-florets. 

The  less  variety  of  visitors  that  I  have  observed  is  simply  duo 
to  the  fact  that  I  have  only  watched  this  species  on  a  few  (xcasions 


350  THE  FERTILISATION  OF  FLOWERS.        [pabt  hi. 

(in  Thuringia),  while  I  have  met  with  C.  Jacea  in  moat  of  my 
s  in  summer. 


Viritora  (in  Thiiringia) :  A.  Hymenoptera— ^pirfw :  (I)  Apis  mellifiea,  L, 
(J ,  8.,  ftb.  ;  (2)  BombuB  litpiilurius,  L.  S  ;  (3)  B.  terreglrie,  L.  (?  ;  (4)  B.  muB- 
coruin,  F.  IJ  (J,  c.p.  and  b.  ;  (5)  B.  agrorum,  F.  (J;  (0)  B.  Bilvarimi,  L,  (J; 
(7)  B.  confnsuu,  Schenck,  £ ;  (8)  B.  rupeslriu,  F.  $ ;  («)  Hulictus  quadri- 
cinctu%  F.  ?  S,  very  ab.,  all  b.  ;  (10)  H.  moculntus,  Sm.  ?,  cp.  ;  (11)  M^a- 
cLileligniBeca,  K.J;  (12)  Osniin  asnea,  L.  iJ ,  b.  ;  (13)  0.  Bpinulosa,  K.  ? ,  cp.  ; 
(14)  Anlhidium  nianicalum,  L.  (J,  «.  B.  Diptera— (a)  Sgrphidir :  (15) 
EriBUlifl  neniorum,  L.  ;  (6)  Mutciiiir :  (10)  Trypeta  cornuU,  F,  C.  Lepi- 
doptera— (n)  Rhopaloctra :  (IT)  Satjrus  Janira,  L.  ;  (18)  MeliUea  Athalia, 
E^,  J  (A)  Sphiaget :  (Ifl)  Zygiena  curniolicu,  Scop.  D.  Coleoptfja— CTry»»- 
mtlidiB:  (20)  Ciyptoceplialua  sericeus,  L.  K  Hemiptpra — (21)  CapflUs  sp.,  b. 
See  also  Nci.  590,  ill.  Thirty-eight  Alpine  vigitore  (two  Coleoplera,  two  Diptero, 
twelve  Apidte,  twenty-two  Lepidoptera)  are  given  in  my  Alpmbluvien 
(No.  609). 

259.  Cestadhea  Cyanus.  L.  (Fig.  115,  5). — In  this  species 
also,  the  mai^nal  florets  serve  only  to  attract  insects,  hut  they  do 
BO  in  a  more  effectual  way  than  in  C.  Scabiosa,  for  they  are  large 
and  iufundihulifonn  and  radiate  outwards,  extending  the  blue 
surface  of  the  capituluin  from  20  to  50  mm.  in  diameter,  and 
making  it  also  conspicuous  in  side  view.  The  honey  is  more  easily 
accessible,  for  above  the  narrow  tubular  part  of  the  floret,  which  is 
5  to  6  mm.  long,  the  wider  part  is  only  3  nun.  long  to  the  place 
where  it  divides  into  linear  segments.  In  this  species  the  simul- 
taneous fertilisation  of  numerous  florets  goes  on  to  a  very  slight 
extent;  forthefloretsof  the  disk  arenot  numerous,  and  their  anther- 
cyhnders  project  at  wide  intervals.  I  have  never  seen  the 
irritability  of  the  stamens  more  distinctly  shown  in  any  other 
Composite.  In  flowers  which  I  had  allowed  to  develop  in  my  room 
until  the  superior  valvular  appendages  of  the  anthers  had 
separated  of  themselves,  the  filaments  contracted  when  I  touched 
them  so  much  that  the  anther-cylinder  was  drawn  down  to  an 
extent  of  2  to  3  mm.  very  quickly,  and  then  more  slowly  to  an  ex- 
tent of  5  to  6  mm. ;  in  a  few  seconds  a  mass  of  pollen  emerged 
from  the  superior  orifice  of  the  anther-cylinder,  and  then  gradually 
the  style  protruded  3  to  4  mm.  above  the  same  orifice.  In  the 
natural  condition,  I  never  succeeded  in  obtaining  such  distinct 
action  on  touching  the  filaments,  doubtless  because  the  filaments 
had  almost  always  been  touched  by  insects  before  they  had  reached 
the  full  amount  of  tension, 

Viflitora  :  A.  Hyiucnoplora— (a)  Apitfw:  (I)  Apis  mellifiea,  L.  $,ab.,a. 
and  cp.  ;  (2)  Bombua  eilviinini,  L.   ? ,  a.  ;  (3)  Mcgachile  ninritima,  K.   j? ,  a.  ; 
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(b)  SphegidcB :  (4)  Psammophila  affinis,  K.,  s.  (proboscis  5  mm.  long).  B. 
Diptera — (a)  Empidce :  (5)  Empis  livida,  L.,  s.,  ab.  ;  (6)  SyrphidcB :  (6) 
Eristalis  arbustorum,  L.,  f.p.  ;  (7)  Rhingia  rostrata,  L.,  s.  C.  Lepidoptera — 
NochuB:   (8)  Plusia  gamma,  L.,  s.     See  also  No  590,  m. 

Tribe  MutisiacetB, 

Chuquiraga  insignis,  R.  Br. — The  long,  tubular  florets  of  this 
Composite,  which  grows  on  the  summits  of  the  Andes  (Pichineha), 
are  visited,  according  to  Professor  Jameson,  by  a  humming-bird 
{OreotrochUus  Pichiiwhm),    (Delpiuo,  No.  185.) 

The  cleistogamic  flowers  of  Anarulria  were  known  to  Linnaeus 
(H.  von  Mohl,  No.  531). 

Tribe  Cichoi'iacece. 

260.  ClCHORiUM  Intybus,  L. — The  capitula  are  closed  in 
rainy  weather,  but  expand  in  sunshine  to  form  blue  disks  30  mm. 
and  upwards  in  diameter.  Each  floret  has  a  tube  3  mm.  long  and 
a  limb  13  mm.  long,  and  this  immense  development  of  the  limb 
compensates  for  the  small  number  of  florets  in  each  capitulum. 
The  structure  of  the  florets  agrees  with  that  in  Leontodon  and 
Hieracium,  except  that  the  branches  of  the  style  are  much  more 
curved,  each  making  one  to  two  spiral  turns ;  self-fertilisation  in 
absence  of  insects  is  thus  much  more  easily  effected. 

Visitors  :  A.  Hymenoptera — ApidcB :  (1)  Apis  mellifica,  L.  §,  s.,  ab.  ;  (2) 
Andrena  fulvicrus,  K.  ? ,  c.p.  ;  (.3)  Halictiis  quadricinctus,  F.  $  ;  (4)  Nitidi- 
usculus,  K.  (J ;  (5)  H.  rubicundus,  Chr.  (J ;  (6)  H.  longulus,  Sm.  ?  ;  (7)  H. 
albipes,  F.  (J ,  all  s. ;  (8)  Osmia  spinulosa,  K.  ? ,  s.  and  c.p.  (Thur.),  not  rare. 
B.  Diptera— (a)  Syrphidie :  (9)  Syritta  pipiens,  L.  ;  (10)  Eristalis  tenax,  L., 
both  species  s.  and  c.p.  ;  (b)  Conopidce :  (11)  Sicus  femigineus,  L.,  s.  C. 
Lepidoptera — Rhopalocera  :  (12)  Colias  hyale,  L.,  b.  (Thiir.).  D.  Coleoptera— 
Malacodermata  :  (13)  Malachius  bipustulatus,  F.,  f.p.,  ab.  An  additional  list 
(»f  nine  bee«  is  given  in  No.  590,  in. 

Hyoseris  rculiata,  L.„  is  visited  by  MegachUe  ccntuiicxdaris 
(Delpino,  No.  178,  p.  125). 

261.  Lapsana  communis,  L. — The  capitulum  consists  of  eight 
to  seventeen  florets,  and  expands  to  a  yellow  disk  8  to  10  mm.  in 
diameter.  In  each  floret  the  tube  is  1^  to  21  mm.  long,  and  the 
limb  4  to  6  mm.  long.  The  capitula  are  solitary  and  comparatively 
small ;  they  are  therefore  not  very  conspicuous,  and  insect-visits 
arc  very  few.  In  absence  of  insects,  self-fertilisation  takes  place 
regularly,  and  il  is  doubtless  effective,  since  the  capitula  are  without 
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exception  fertile.  The  anther-cylinder  protrudes  2  to  3  mm. 
from  the  tube,  and  the  style  I  g  to  2  mm.  beyoud  the  anther-cylindet 
The  outer  surface  of  the  projecting  portion  of  the  style  is  covered 
with  pointed  hairs  at  wide  iatervala.  The  stigmatic  branches  axe 
only  i  mm,  long,  and  are  closely  set  *ith  papillse  on  their  inner 
surfaces;  they  separate  widely,  and  bring  their  papilhe  regularly 
in  contact  with  the  pollen  if  insect- visitors  have  not  removed  it 
from  the  hairs. 

Vifiitors  ;  Diptera — Syrp/iidie :  (1)  Eriat*lis  arbuBtorum,  L.  ;  (2)  E.  nemu- 
rnra,  L. ;  (3)  E.  sepulcralis,  L,,  all  tliree  Bpeciea  f.p.,  not  abundant  See  rIm 
Na  590,  III. 

262.  PiCHis  HiERAcioiDES,  L. — The  capitulum  is  composed  of 
forty-four  to  seventy-five  florets,  which  increase  in  size  from  the  cen- 
tre towards  the  circumference;  it  expands  in  sunshine  to  form  a  yellow 
disk  24  to  36  mm.  in  diameter,  in  dull  weather  it  closes  up  till  its 
diameter  is  scarcely  7  mm.  In  each  floret  the  tube  is  4  to  6  mm.  long, 
and  the  limb  8  to  12  mm.  long.  The  stem  is  branched,  and  nearly 
three  feet  high  ;  it  bears  numerous  capitula,  so  that  the  whole  plant 
is  very  conspicuous.  The  honey  rises  into  the  upper  and  widerpart 
of  the  tube,  and  is  therefore  accessible  to  very  short-lipped  insects. 
The  anther-cylinder  projects  5  mm.  beyond  the  tube,  and  the  style 
Sa  to  3J  mm.  beyond  the  anther-cylinder ;  so  that  most  insect- visitors 
creep  rather  among  than  over  the  styles,  and  convey  the  pollen 
rather  with  the  haira  on  their  sides  than  with  those  on  their  under 
surfaces;  but  bees  with  abdominal  collecting  apparatus  are  also 
foimd  upon  the  flowers. 

The  sweeping-hairs  and  the  stigmatic  papillfe  are  distributed 
as  in  the  other  Cichoriaceffi  (cf.  Figs.  IIG,  117).  The  stigmatic 
branches  usually  spread  apart  as  in  other  cases,  but  in  several  in- 
stances I  have  seen  the  loft  bent  over  towards  the  right,  and  the 
right  towards  the  left,  so  close  together  that  the  stigmatic  papiUse 
of  the  one  were  brushed  by  tlie  poUen-holding  Irnirs  of  the  other. 

ViBitors  ;  A.  HjTuenoptera^(o)  Apiilit:  (!)  Panurgus  cBlcaratiis,  Scop, 
?  d ,  c.p.  and  B.,  ab.  ;  [2)  Rliopliites  (Dufourea)  vulgaris,  Scbeuck,  9 1  ah.,  ^ , 
fxsxix,  s.  and  cp.  (Thur.  Wnld)  ;  (3)  Halictus  zoniiliis,  Sm.  J ;  (■*)  H-  leuoo- 
zoniue,  Scbr.  ?  j  (5)  H.  Besnotatiis,  K.  ?  ^  ;  (6)  H.  maculatiiH,  Sm.  J ;  (7) 
H.  cjlindricu«,  F.,  (J ;  (8)  H.  quadricinctus,  F.  J ;  (9)  H.  rabi'cnndiig,  Chr, 
cj;  (10)  H..nitidin8culua,K.  g ;  (II)  H.  albipe*,  F.  J;  (12)  H.  lungulnw, 
8m.  i3;  (13)  H.  minnhiB,  K.  2^;  (14)  H.  Smeatbrnanellua.  K.  J.n 
of  these  ftpeciea  in  great  nunibcT]<,  tlie  ^  «.,  Uie  $  cji.  nud  h.  ;  (15)  Herutdra 
truncormn,  L.  ?,c.p.  ;  (IB)  Osmia  wpinulnsa,  K.  ^ ,  c.p.  (Thar.) ;  (h)  Sphegida : 
(17)  CVabro  sexcinctiis,  v.   d.   L.    ?.     B.   DiptiTu— (<()  Emjiida :  (18)  Empis 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  353 

livida,  L.,  very  ab.,  s.  ;  (b)  Syrphidce :  (19)  Eristalis  tenax,  L. ;  (20)  E.  arbu- 
storum,  L. ;  (21)  E.  nemorum,  L.  ;  (22)  E.  sepulcralis,  L.,  all  four  species  very 
ab.  ;  (23)  Syrphus  balteatus,  Deg.  ;  (24)  Melithreptus  scriptus,  L.  ;  (25)  M. 
teniatus,  Mgn. ;  (26)  Chrysogaster  viduata,  L.,  all  both  f.p.  and  a.  C.  Lepi- 
doptera— /?Ao/)aZocera ;  (27)  Pieris  brassic®,  L.  ;  (28)  P.  rapse,  L.,  both  species 
very  ab. ;  (29)  Satyrus  Janira,  L.,  all  three  species  s.     See  also  No.  590,  hl 

263.  Crepis  biennis,  L.  : — 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Apis  mellitica,  L.,  § ,  s.  ;  (2) 
Panurgus  calcaratus,  Scop.,  ?  $ ,  c.p.,  s.,  very  ab. ;  (3)  P.  Banksianus,  K.  ?  (J , 
c.p.,  s.,  scarcer  ;  (4)  Dasypoda  hirtipes,  F.  $ ,  ab.,  even  in  the  evening  ;  (5) 
Rhophites  (Dufourea)  vulgaris,  Schenck,  ?  $ ,  very  freq.  (Thur.,  Wald.)  ;  (6) 
Andrena  doraata,  K.  ?,  c.p.  ;  (7)  A.  denticulata,  K.  ?  (J,  c.p.  and  s.  (Tekl., 
Borgst.  ;  Thur.) ;  (8)  A.  fulvago,  Chr.  ? ,  c.p.  (Thur.) ;  (9)  A.  fulvescens,  Sm. 
9,  c.p.  (Thur.)  ;  (10)  A.  parvula,  K.  (J,  s.  ;  (11)  Halictus  longulus,  Sm.  ?  ; 
(12)  H.  maculatus,  Sm.  ?;  (13)  H.  leucozonius,  Schr.  ?  (J,  freq.  ;  (14)  H. 
cyUndricus,  F.  ?  (J,  ab.  ;  (15)  H.  albipes,  F.  ?  ;  (16)  H.  lugubris,  K.  $  ;  (17) 
H.  flavipes,  K.  $\  (18)  H.  nitidus,  Schenck,  ?  ;  (19)  H.  rubicundus,  Chr.  (J  ; 
(20)  H.  quadricinctns,  F.  (J,  ab.  ;  the  (J  of  Halictus  s.,  the  ?  c.p.  and  s.  ;  (21) 
Osmia  spinulosa,  K.  ? ,  s.  and  c.p.,  very  ab.  (Thur.)  ;  (22)  Chelostoma  cam- 
panularum,  K.  ?  (? ,  s.  and  c.p.,  very  ab.  ;  (23)  Heriades  truncorum,  L.  ?  (J , 
8.  and  c.p.,  very  ab.  B.  Diptera — Syrphida:  (24)  Eristalis  tenax,  L.  ;  (25)  E. 
nemonim,  L.  ;  (26)  E.  arbustorum,  L.  ;  (27)  E.  sepulcralis,  L. ;  (28)  Syritta 
pipiens,  L.,  all  five  species  s.  and  f.p.,  very  ab.  ;  (29)  Syrphus  sp.,  f.p.  ;  (30) 
Cheilosia  chrysocoma,  Mgn.,  f.p.  C.  Coleoptera — NitiduUdce:  (31)  Meligethes, 
ab.     See  also  No.  590,  in. 

264.  Crepis  tectorum,  L.  : — 

Visitors:  A.  Hymenoptera — (a)  Apidce:  (1)  Rhophites  (Dufourea)  vulgaris, 
Schenck,  ?  ^ ,  c.p.  and  s.  ;  (2)  Andrena  denticulata,  K.  ?  (J  (Tekl.,  Borgst.)  ; 
(3)  A.  fulvicrus,  K.  ? ,  c.p.  ;  (4)  Halictus  villosulus,  K.  ? ,  c.p.  ;  (5)  H.  rubi- 
cundus, Chr.  (J ,  s.  ;  (6)  H.  quadricinctns,  F.  (J ,  ab.  ;  (7)  Osmia  spinulosa,  K. 
9,c.p.,  ab.  (Thur.);  (8)  Heriades  truncorum,  L.  (J,  s.  ;  {h)  Sphegidce:  (9) 
Pompilus  viaticus,  L.  9 ,  s.  B.  Diptera — Syrphidce :  (10)  Cheilosia  chryso- 
coma, Mgn.,  f.p.  (Teklenburg,  Heir  Borgstette).     See  also  No.  590,  iir. 

265.  Crepis  virens,  Vill. : — 

Visitors:  A.  Hymenoptera — Apidce:  (1)  Panurgus  calcaratus,  Scop.  ?  (J, 
c.p.  and  s.,  ab.  ;  (2)  P.  Banksianus,  ?  $ ,  scarcer  ;  (3)  Rhophites  (Dufourea) 
vulgaris,  Schenck,  ?  $ ,  c.p.  and  s.,  ab.  ;  (4)  Dasypoda  hirtipes,  F.  cJ  j  p-  ;  (5) 
Andrena  denticulata,  K.  ? ,  c.p.  (Thur.  ;  Tekl.,  Borgst.)  ;  (6)  A.  dorsata,  K.  (J , 
8.  ;  (7)  Halictus  villosulus,  K.  ? ,  c.p.  ;  (8)  H.  cylindricus,  F.  ? ,  c.p.  ;  (9)  H. 
minutus,  K.  ? ,  c.p.  B.  Diptera — (a)  Syrphida  :  (10)  Eristalis  tenax,  L.,  f.p. ; 
(11)  Melithreptus  scriptus,  L.,  f.p.  ;  (12)  M.  tajniatus,  Mgn.,  f.p.  ;  (13)  S}t- 
phus  balteatus,  Deg.  ;  (14)  S.  ribesii,  L.  ;  (15)  S.  arcuatus,  Fallen,  all  throe 
f.p.;  (16)  Cheilosia  chrysocoma,  Mgn.,  f.p.  (Tekl.  B.)  ;  {b)  Ci/nopkhp :  (17) 
Sicus  femigineus,  L.,  s.  C.  Coleoptera — Mordellida: :  (18)  Mordclla  fasciata, 
F.     See  also  No.  590, 111. 

A  A 
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266.  IIiERACifM  LiiBELLATUW,  L. — Tlie  florets  have  &  tube 
3  to  5  mm. ,  and  an  outer  limb  8  t^)  16  mm.  long,  both  increasing  id 
length  gradually  from  the  centre  to  the  periphery  of  the  capitulum. 
The  whole  capitulum,  when  fully  expanded,  forma  a  yellow  disk 
about  2o  mm.  in  diamett;r. 

Honey  is  secreted  by  a  ring  round  the  base  of  the  style,  and 
rises  several  millimetres  iu  the  tube ;  a  proboscis  2  to  3  mm.  long 
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ffices  to  reach  it.  Not  only  the  two  branches  of  the  style  (which 
J  25  mm.  long)  protrude  from  the  anther-cylinder,  but  also 
about  Si  mm.  of  the  style  helow  its  bifurcation ;  pollen  remains 
adhering  to  the  sharp,  bristly  hairs  (3,  d)  with  which  the  whole  of 
the  projecting  part  of  the  style  is  clothed.  After  emerging  from 
the   anther-cylinder,   the   two  branches  of  the   style,   which   are 
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covered  all  over  their  inner  surface  with  stigmatic  papillae,  spread 
apart,  and  gradually  bend  so  far  backwards  that  part  of  tlieir 
stigmatic  surface  comes  in  contact  with  the  hairs  (Fig.  116,  2).  So  if 
the  pollen  has  not  been  removed  by  insect§,  self-fertilisation  takes 
place.  If  insect- visitors  come  in  proper  time  self- fertilisation  is 
not  impossible,  but  the  chances  are  immensely  in  favour  of  cross- 
fertilisation,  and  of  cross- fertihsation  with  pollen  from  other  capitula, 
as  the  insect  on  alighting  comes  at  once  in  contact  with  the  upper 
surface  of  the  stigmas. 

Visitors  :  A.  Hymenoptera — (a)  Apidce :  (1)  Apis  millifica,  L.  § ,  s.  and 
c.p.,  ab. ;  (2)  Bombus  lapidarius,  L.  § ,  s. ;  (3)  Dasypoda  hirtipes,  F.  ? ,  s. 
and  c.p.  ;  (4)  Panurgiis  calcaratiis,  Scop.  ?  (J ,  s.  and  c.p.,  very  ab. ;  (5)  Halictus 
leucozonius,  Schr.  9  (J ,  s.  and  c.p. ;  (6)  H.  villosulus,  K.  ?  (J ,  s.  and  c.p.  ; 
(7)  Megachile  argentata,  F.  ? ,  s.  ;  (8)  M.  Willughbiella,  K.  (J ,  s.  ;  (9)  Coelioxys 
conoidea,  111.  9,8.;  (10)  C.  simplex,  Nyl.  ?,  s.  ;  (b)  Chi-ynidce :  (11)  Hedy- 
chrum  luciduluni,  Latr.  (J.  B.  Diptera — (a)  Syrphtdce :  (12)  Eristalis  tenax,  L. 
(as  late  as  Oct.  13) ;  (13)  E.  arbustorum,  L.  ;  (14)  Syrphus  balteatus,  Deg., 
all  three  species  f.p.  and  s.,  very  ab.  ;  {b)  Conopida :  (15)  Sicus  femigineus, 
L.,  s. ;  (16)  Occeniyia  atra,  F.,  s.  C.  Lepidoptera — Rhopalocera :  (17)  Pieris 
napi,  L.,  ab.  ;  (18)  Satynis  Megaera,  L.  ;  (19)  Vanessa  urticae,  L.,  not  rare  ; 
(20)  Hesperia  sp.,  all  s.    See  also  No.  590,  iii. 

267.  HiERACiUM  PILOSELLA,  L. — Forty-two  to  sixty-four  florets 
unite  to  form  a  capitulum,  and  increase  in  size  from  its  centre  to  its 
circumference.  In  each  the  tube  is  3  to  6  mm.  long,  and  the  limb  4 
to  8  mm.  long.  In  sunny  weather  the  capitulum  expands  to  form 
a  yellow  surface  20  mm.  in  diameter,  but  in  dull  weather  it  closes  up. 
On  the  bare  slopes  where  the  plant  grows  abundantly,  its  capitula  are 
conspicuous  enough  to  attract  numerous  insects  in  spite  of  the  small 
size  of  the  plant. 

But  on  the  whole,  insect-visits  are  less  abundant,  though  not 
less  various,  than  in  the  previous  species,  and  accordingly,  while 
the  flowers  are  in  other  respects  similar,  self-fertilisation  is  better 
provided  for  by  the  greater  involution  of  the  stigmas  (Fig.  116,  4). 

«  Visitors  :  A.  Hymenoptera — (a)  ApuIcB :  (1)  Panurgns  calcaratus,  Scop.  ?  ^ , 
c.p.  and  8.,  ab.  ;  (2)  Andrena  fulvescens,  Sm.  9  ;  (3)  A.  fulvago,  Chr.  9  ;  (4) 
Halictus  leiicozonius,  Schr.  ? ;  (5)  H.  villosulus,  K.  ? ;  (6)  H.  nitidus, 
Schenck,  ? ,  all  c.p.,  the  two  Andrenoe  also  s.  ;  (7)  Ceratina  ccprulea,  Villa,  ^J , 
8.,  scarce  ;  (8)  Diphysis  serratulae,  Pz.  (J ,  s.,  scarce  ;  (9)  Noniada  Fabric  i  an  a,  L. 
5,8.;  (b)  Tenthredinidce  :  (10)  Cephus,  a  small  sp.  B.  Diptera — {a)  Bomhyliffcc  : 
(11)  Bombylius  canescena,  Mik.  (Sid.),  s.  ;  (b)  Syrphido' :  (12)  Helophilus 
floreus,  L.,  f.p.  C.  Lepidoptera — (a)  Rhopalocera :  (13)  Pieris  bra8sica>,  L.  ; 
(14)  Lycaena  argiolus,  L.  ;  (6)  Noctua :  (15)  Euclidia  Mi,  L.,  all  s.  D.  Colc- 
optera — {n)  Ceramhycida :   (16)  Leptura  livida,  L.  ;   (6)  ChryaomeUdai :  (17) 

A   A   2 
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Cryptocephalus  Moraji,  L.,  ab.  ;  (IB)  C.  eericuus,  L.,  ftb.  See  also  No.  590,  HI., 
for  a  further  liat  of  visitors  in  Low  Germany.  A  list  iif  AJpine  visitorH  (four 
l»eetles,  five  fliuH,  five  bees,  twenty-seven  Lepidoptera)  is  given  in  my  Alpea- 
blamen  (690). 

268.   HiERACIUM   VULGATCM,   L.  r— 

Viailure  ;  A.  Hymenoptera — Apida :  (1)  BombuB  Bajellus,  111  J 1  *■ !  (2) 
B.  terreMris, L.  5,s.;  (3)  B.  sil varum,  L.  j,a. ;  (4)  Andrena  Coilana,  K.  ,;,8, ; 
(5)  A.  fulveacens,  Sm.  ?,  c.p.  ;  <G)  A.  denliculnU,  K,  jj,  g.  ;  (7)  Halictui 
cylindricus,  F.  ?  [J,  cp.  and  p.,  ab.  ;  (8)  Panui^B  calcaratus,  Scop.  J  Ji 
c.p.  and  B.,  ab.  B.  Lepidoptera — Rkopalocera  :  (9J  Lycasno  ioarus,  Rott.,  %. 
See  also  No.  590,  111. 


269.  Hypochceris  glabra,  L.  : — 

Visitors  ;  Hynienfiptern— jipifAe ;  (1)  Rhciphites  (Dufourea)  vulgaris, 
Schenck,  $,  c.p.  and  b.  ;  (2)  Andt-enu  fulvescens,  Sm.  $,  cp.  ;  (3)  HaUctus 
mtidiusoiilua,  K.  ?  (Tekl.,  Burgs-t.) ;  (4)  H.  cylindricus,  F.  ?,  c.p.;  (5) 
Sphecodes  gibbuB,  L.  ?  (J,  a. 

270.  Hypochceris  radk'ata,  L.: — 

ViBitora:  A.  Hjinenopli'ra— J/iii/a- .-  (I)  Apis  mellifica,  L.  ?,  c.p.;  (2) 
Bombus  lapidariUB,  L  ij ,  b.  ;  (3)  Dnsypoda  hirtipes,  F.  ? ,  c.p.,  ab.  ;  (4)  Pan- 
urgUB  calcaratus.  Scop.  $  cJ,  a.  and  c.p.,  ab. :  (5)  P.  BankBianuB,  K.  $  j,  6. 
kdA  cp.,  scarcer  ;  (6)  Colletea  Duvieseaaa,  K.  ?  (J,  c.p.  and  b.,  ab. ;  (7)  Rho- 
pliites  (Dufourea)  vulgoriB,  Schenck,  $ ,  c.p.  and  a.  ;  (B)  Andrena  santhuro, 
K.  ?,  8. ;  (9)  A.  denticulata,  K.  ?  (J,  cp.  and  b.  (Tekl.,  Borgat. ;  Thar.) ;  (10) 
A.  fulvescens,  Sm.  5 ,  c.p.  (Thur.)  ;  (1 1)  A.  fulvaRo,  Chr.  5 ,  c.p.  (Thur.) ;  (12) 
HalictUB  villoBuluB,  K.  J,  c.p.;  (13)  H.  molachurua,  K.  2i  cp. !  (U)  H. 
lugubris,  K.  (J  ;  (15)  H.  flaWpes,  F.  J  ;  (16)  H.  leucozouius,  Schr.  ?  i ,  c.p.  and 
B.;{17)H.  cylindricus,  F.  5  5,  cp.  and  B.;  (18)  H.  rubicunduis,Chr.9,cp.:(I9) 
H.  sexstrigatua,  Schenck,  $,  c.p.  ;  (20)  H.  brevicomffi,  Schenck,  (J,  a.  ;  (SI) 
Sphecodea  gibbus,  L.  ?  (J ;  (22)  Diphysis  Berratulie,  Pz.  5,  b.  B.  Dipten 
—(a)  Syrphidm :  (33)  EriBtalis  arbuBtoruni,  L.  ;  (24)  E.  nemorura,  L. ;  (28) 
E.  BepulcraliB,  L.,  f.p.  ;  (26)  Pipiza  funebrin,  Mgn.,  f.p. ;  (6)  Coniipi'dix:  (27) 
Sicua  ferru(^neus,  L.,  e.  ;  (c)  Museida  :  (28)  Demoticns  plebeiua,  Fallen,  *. 
Sec  also  No.  590,  111.  and  No.  609. 


I 


271.  LeontodOK  AUTumNALIs.  L. — The  capitulum  consists  of 
forty  to  seventy  florets ;  it  espands  in  sunshine  to  a  diameter  of  20  to 
30niiu.,aiid  closes  up  iu  rainy  weather  till  its  diameter  is  scarcely  5 
mm.  In  each  floret  the  tube  is  2^  to  5  mm.  long,  and  the  limb  7 
to  12  mm.  long.  The  honey  rises  up  into  the  wider  part  of  the 
tube.  The  anther-cylinder  projects  4  to  5  mm.  from  the  tube,  the 
style  3  to  4  mm.  beyond  the  anther-cylinder.  The  style  is  covered 
on  its  outer  surface  with  pointed  sweeping-hairs,  and  is  closely  set 
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with  stigmatic  papills  on  the  inner  surface  of  its  branches,  which 
for  the  most  part  do  not  become  entirely  separated  (Fig.  117,  2). 

Here,  as  in  Picris  hieracioides,  insect- visitors  come  in  contact  with 
the  pollen  and  stigmas  more  with  their  sides  than  with  their  under 
surfaces.     Simultaneous  fertilisation  of  numerous  florets  takes  place 


here,  as  in  moat  Cichoriacese,  to  a  less  extent  than  in  those  Seneoi- 
onidse  and  Asteroideie  in  which  the  out-pressed  pollen  and  after- 
wards the  stigmas  lie  in  one  plane.  In  this  species,  on  the  other 
hand,  the  florets  are  able  at  one  and  the  same  time  to  receive 
pollen  from  insects  upon  their  stigmas,  and  to  contribute  their 
own  to  the  insect  in  turn. 
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If  sufficient  insects  visit  the  fluwer  iu  timo  to  remove  the  pollen 
from  the  sweeping-haira  before  tlie  stigmatie  surfaces  appear,  cross- 
fertilisation  is  alone  possible.  K  insect-visitora  only  come  when 
tbe  branches  of  the  style  have  begun  to  sejiarate,  then  the  piMsibility 
ofself-fertUisation  by  insect  i^ency  is  not  excluded.  Even  In  absence 
of  insects,  self- fertilisation  seems  to  be  not  impossible,  since  when 
the  stigmas  separate  their  edges  curve  outwards,  and  their  papQlai 
may  easily  come  in  contact  with  pollen  still  upon  the  hairs. 

ViBitorg:  A.  Hymenoptura — (a)  Apidir :  (1)  Apis  mcllifica,  L.  ij ,  s. ;  (2)  Bom- 
boB  lapidarius,  L.  ^ ,  s.  ;  (3)  Dasypoda  hirtiptB,  F.  ? ,  scrambhng  very  i^idly 
nver  die  capitulum,  sucking;  a  few  florets,  and  then  flying  away  to  another(tilM 
enormoOBly  long  hairs  of  the  hindl'^  carry  hoge  Imlls  of  yellow  pollen]  ;  (4) 
PonurgiiB  calcaratuH,  Soup.,  i.  nnil  cp. ;  (5)  Andrena  fulvicms,  K.  $ ,  cp. ;  (6) 
Halictus  lencozoniua,  Schr,  5 ,  a.  and  cp.  ;  (7)  H.  leucopua,  K.  ?  ;  (8)  H.  longtiluB, 
Sid.  ¥,  both  spmies  cp.  and  s.  ;  (9)  H.  Smeathmnnellne,  K.  ^  ;  (10)  H. 
mono,  F.  J;  (II)  H.  mocnlatos,  Sm.  ^  ;  (12)  H.  cyltndricus,  F.  ^,9—12  8.; 
(13)  Dipbyftis  semtulm,  Pi.  ?  (J ,  scarce,  e. ;  (14)  Pro«opis  armillato.  Nyl.  ^ ,  a. ; 
(6)  SpkegiiliT  :  (15)  Pompilus  viaticns,  L,,  e.  B.  Diptera— (o)  Syrpliida:  (16) 
SyrphuB  pyrastri,  L.,  ab.  ;  (17)  a  balteatua,  Deg.  ;  (18)  S.  nitidicollis,  Mpi. ; 
(19)  Melitlircplus  txnmtus,  Mgn. ;  <20)  Voluc^ellu  bombylans,  L.  ;  (31)  Eristalis 
sepulcralis,  L.,  ab.  ;  (23)  E.  arbustoium,  L.,  very  tib.  (aa  late  aa  Oct.  13)  ;  (SS) 

E.  tenax,  L.,  ab.,  all  bolli  f.p.  and  s,  ;  (6)  Conopida .-  (24)  Situa  fermginens,  L.,  s. 
(c)  BmnhyUd/K :  (SS)  Syal^Echus  suirureus,  F.,  a.  ;  ((/)  Uluaeulit :  (26)  Saito- 
phf^  canum'a,  L.,  s.  only.  C.  Ijepidopt«ra—  (a)  Rhopolorrra :  (2T)  OoliM 
hyale,  L.  (Thnr.)  a. ;  (6)  Noctua :  (28)  Plusia  gamma,  L.  (as  late  as  Oct  U),* 
See  also  No.  590,  in. 

272,  Leontodon  HASTILIS,  L.  (Koch)  : — 

Tiaitora:  A.  Hymenoplera— («)  Ajndir :  (1)  Bombus  Barbutellns,  K.  ?, 
(L  ;  (2)  B.  pratorum,  L.  5 ,  a.  and  cp, ;  (3)  Andrena  fulveaeens,  Sm.  J .  s.  and 
cp.,  dusting  itself  very  thickly  with  pollen  (Mohnethal)  ;  (4)  A.  Coitsno,  K. 
S  rf,s.  andcp.  (Sanerland)  ;  (5)  Halictus  villomilua,  K.  5,cp.,  ab. ;  (6)  H. 
leucozoniua,  Schr.  ?,  c,p.  ;  (7)  H.  cylindriciiR,  F.  9,  cp.,  ab.  ;  (8)  H.  albipe* 

F.  ?  (obovatns,  K.),  cp.  ;  (9)  H.  Smeathnianelhia,  K.  2>  c.p- ;  (*)  Tea- 
thrtdmida: .-  (10)  Tenthredo  ap.,  s.  B.  Diptera— (a)  BovibulUla :  (II)  Sys- 
t«!chu8  iulfnreus,  Mikan.  s.  (Sid.) ;  (6)  Syrphida :  (12)  Chdloaia  sp. ;  (13) 
Melithreptus  ticniaCus,  Meig.,  f.p.  and  s.  (itii  ntomach  was  quite  full  of  a  yellow 
masB  of  honey  miied  with  pollen) :  (14)  Volucella  pellacena,  L., ".,  freq.  (Sid.) ; 
(15)  Serieomyia  lappona,  L.,  s.  (Sid.)  j  (16)  EriBtalis  horticola,  Deg.,  f.p.  and 
B.  (Sid.),  ab.  ;  (17)  E.  arbuatorum,  L.,  fp.  anda..  very  ab.  ;  (c)  (Vnopirfn;:  (IB) 
Sicua  ferrugineua,  L.,  t.  C.  Lepidopteia— flAo;ra/ocera  ;  (19;  Heaperia  silvanus, 
Esp.,  a. 

273.  Leontodon  (Thkincia)  hibtus,  L.  ;— 

Visitors:  A.  Hymenoptera— jI/jWib .-  (1)  Bombua  confusiis, Schenck,  J,8. ; 
(2)  Panurgm  calcaratus,  Scop.  2  J.  "-p.  and  s.,  ab.  ;  (3)  Rhophitsa  vulftari*. 
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Schenck,*  ?  ,  c.p.  and  p.  ;  (4)  Cilissa  melanura,  Nyl.  ?  ;  (5)  Andrena  denticu- 
lata,  K.  9,  8.  and  c.p.  (Sid.,  Thur.) ;  (6)  A.  fulvicrus,  K.  9,  c.p.  ;  (7)  A. 
fulvescens,  Sm.  ? ,  c.p.  (Thnr.)  ;  (8)  A.  fulvago,  Chr.  ? ,  c.p.  (Thur.)  ;  (9) 
Halictus  viUosulus,  K.  *f ,  c.p. ;  (10)  H.  leucozoniuB,  Schr.  ?  $ ,  c.p.  and  s., 
very  ab.  (Thuringer  Wald,  August  30,  1869)  ;  (11)  H.  cylindricus,  F.  ?  ^,  c.p. 
and  8. ;  (12)  H.  maculatus,  Sm.  c?j  s-  ;  (13)  H.  Smeatbmanellus,  K.  ? ,  c.p.  ;  (14) 
H.  flavipes,  F.  ^,  8. ;  (15)  H.  lugubris,  K.  (J,  a.  B.  Diptera — Syrphidce  :  (16) 
Eristalis  arbustoruni,  L.,  a.  and  f.p.  ;  (17)  E.  tenax,  L.,  do.,  both  species  ab.  ; 
(18)  Syrphua  balteatua,  Deg.,  do.  C.  Lepidoptera— A^oc/eio; ;  (19)  Plusia 
gamma,  L.,  a.  (aa  late  as  Oct.  14).    See  also  No.  590,  iii. 

274.  Taraxacum  officinale,  L. — The  capitulum  consists  of 
about  100  to  over  200  florets  inserted  on  a  receptacle  only  5  to  7 
mm.  in  diameter.  In  each  floret  the  tube  is  3  to  7  mm.  long  and 
the  limb  7  to  15  mm.  long,  and  in  sunny  weather  the  capitulum 
expands  to  form  a  bright  yellow  surface  30  to  over  50  mm.  in 
diameter.  At  night  and  in  dull  weather  the  capitulum  closes  up 
so  completely  that  only  the  green  involucral  bracts  and  the  dark 
outer  surfaces  of  the  limbs  of  the  outermost  florets  remain  visible. 
The  honey  rises  into  the  upper  part  of  the  tube  (which  is  nearly 
filled  by  the  style),  and  is  therefore  accessible  to  insects  with  very 
short  proboscides.  From  each  tube  an  anther-cylinder  2|  to  5 
mm.  long  protrudes,  and  the  style  grows  to  a  height  of  3  to  5  mm. 
above  the  anther-cylinder.  The  projecting  portion  of  the  style  is 
clothed  with  pointed  hairs  over  its  whole  outer  surface,  which 
retain  entangled  among  them  the  pollen  that  they  have  swept  out 
of  the  anther-cylinder.  The  two  branches  of  the  style,  which  are 
closely  covered  over  their  whole  inner  surfaces  with  stigmatic 
papillae,  are  1^  to  over  2  mm.  long;  they  bend  outwards  and 
curve  so  far  back  that  the  tip  of  each  makes  1^  spiral  turns,  and 
accordingly,  if  insect-visits  have  not  taken  place  and  the  sweeping- 
hairs  are  still  covered  with  pollen,  self-fertilisation  must  take  place 
to  a  great  extent. 

Thus  in  the  Dandelion  we  have  a  plant  which,  by  the  great 
conspicuousness  of  its  flowers  and  the  great  abundance  and  ac- 
cessibility of  its  pollen  and  honey,  attracts  an  immense  variety  of 
insects  in  sunny  spring  weather ;  but  which  has  fully  retained,  or 
has  again  acquired,  the  possibility  of  self-fertilisation,  since  it 
begins  to  bloom  so  early  that  as  a  rule  its  first  flowers  receive  no 
insect-visits,  while  its  latest  flowers  are  also  liable  to  be  left 
unvisited. 

Visitors  :  A.  Hymenoptera — (a)  Apiflcr. :  (1)  Apis  mellifica,  L.  ^  ,s.  ami  c.p., 
very  ab. ;  (2)  Bombus  silvamni,  L.  5  ;  (3)  B.  terrestris,  L.  9  ;  (4)  B.  musconnn, 
F.  J  ;  (5)  B.  lapidariua,  L.  $  ;  (6)  B.  confusua,  Schenck,  ?  ;  (7)  B.  Baibutellu?, 
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K.  ?;  (8)  B.  veslaH?,  Fourc.  ?,  all  b.  ;  (9)  Aadrenfl  cingnUta,  K.  g;  (lOj 
A.  cineraria,  L.  ?  ^  ;  (1 1)  A  pratensis,  NyL  ?  ;  (12)  A  nitiila,  K.  9  ^  j  (13) 

A.  albicaiMi,  K.  ?  J,  verj  ab.  ;  (14)  A  falsa,  Schr.  ? ;  (15)  A  Gwynana, 
K.  J  <J ,  vef7  ab. ;  (16)  A.  belvola,  L  ?  ^ ,  not  rare  ;  (17)  A  mixta,  Schenck, 
$  (rar.  of  the  fornier) ;  (18)  A  >-aTian«,  Rossi,  $ ,  not  rare  ;  (19)  A  atricepx, 
K.  9  6:  (20)  A.  niKTOieiiea,  K.  ?  ;  (21)  A  Trimmerana,  K.  ? ;  (22)  A 
SmitlielU,  K.  ?  ,J,  ab.  ;  (23)  A  folvicrua,  K.  9  (J,  very  ab.  ;  (24)  A  fasdata. 
Wean.  J  (J  ;  (25j  A  albicros,  K.  J  (J  ;  (26)  A  parvida,  K.  ?  j,  \«rj  ab.  ; 
(27)  A  srgentata,  Sm.  (gradlis,  Schenck),  (J ,  ab.  ;  (28)  A.  doraata,  K.  ?  J ,  ab.  ; 
(29)  A.  fnlvescens,  Sm,  ?  ;  (30)  A.  connectena,  K.  9  j  (31>  A.  convexiuscnta 
K.  9,  all  AndreiiK  9  c.p.  and  s.,  the  (J  s. ;  (32)  Halictns  ruliicundas,  Chr.  ?  ; 
(33)  R  zoDnliM,  Sm.  9  ;  (34)  H.  aexnotatiu,  K.  9,  ab.  ;  (35)  R.  sexEignatna, 
Schenck,  9 ,  ab.  (as  late  as  Oct  1 3)  ;  (36)  H.  maeulatus,  Sm.  9  ;  (37)  H.  albipw. 
F.  9,  aK;  (38)  H.  cylindricua,  F.  9,  ab.  ;  (39)  H.  flaripes,  F.  9  j  (40)  H. 
mono,  F.  9  ;  (41)  H.  leucopus,  K.  9  ;  (42)  H.  longuluB,  Sm.  9  ;  (43)  H.  niti- 
diusciilna,  K.  9 ,  ab.  ;  (44)  H.  Tillosulus,  E.  9  ;  (45)  H.  liicidnlus,  Schenck,  9  ; 
(46)  H.  nitidns,  Scbenck,  J  ;  (47)  H.  minatissimiia,  K.  { ,  all  cp.  and  a. ;  (48) 
Spbecodes  gibbaa,  U  9 ,  b,  ;  (49)  Nomada  rnficomiB,  L.  9  tj .  very  ab. ;  (BO) 
N.  varia,  Pt.  9^,  ah.;  (51)  N.  Lathburiana,  K.  9;  (52)  N.  fiavoguttata, 
K.  d  ;  (53)  N.  lineola,  Pi.  9  ;  (54>  N.  altemata,  K,  9  ;  (65)  N.  succincla,  Pt. 
9  i;  (56)  N.  Mgnata,  Jur.  9  g,  all  a. ;  (57)  Osania  nifa,  L.  ^ ,  s. ;  (58)  O. 
fnsca,  Clit.  (bicolor,  Schr.)  9  >  b.  and  c.p.  ;  (b)  Fomanda ;  (59)  Formica  con- 
gerens,  Nyl.    5 1  "l"''  "■  !     fO   Tenthredinida .-   (60)  Cephns,  a  email  sp.,  ab. 

B.  Wptera— (a)  Empida;  (61)  Empis  livida,  L.,  ab.  ;  (62)  E  puncfala,  F.,  ab. ; 
(63)  E.  opaca,  F.,  all  three  b.  ;  (6)  Syrphidtr  :  (64)  Eristalis  teneus,  Scop. ;  (65) 
E.  arbuxtorutn,  L.  ;  (66)  E.  uemorum,  L.  ;  (67)  E.  tenax.  L.  (as  lat«  m  Oct.  13}  ; 
(68)  E.  pertinax,  Scop,  :  (69)_  E.  sepulcrdis,  L.  ;  (70)  E.  intricariuB,  L.,  all  ■. 
and  f.p.,  ab.  ;  (71}  Ebingia  rostratA,  L.  ;  (72)  Ascia  lanceolata,  Mgn.,  s. ;  (73) 
A.  podagrica,  F.,  ab.,  f.p.  ;  (74)  Syrphus  nitidicollia,  Mgn.,  f.p.  ;  (75)  S.  pynstri, 
L.,  r.p. ;  (76}  HelithreptuB  teeniatnti,  Mgn.,  f.p. ;  (77)  Chciloeia  vernalia. 
Fallen,  £p. ;  (78)  Ch,  cbloris,  Mgn.,  f.p,  ;  (c)  Mtttddm :  (79)  Scatophaga  rtei^ 
corario,  L.  ;  (80)  Sc.  merdaria,  F,,  both  cpecieB  a.  and  f.p.,  ab.  ;  (61)  Oneua 
flon>liB,B.  D.,  freq.  C.  Lepidoptera — Khopaloeera :  (82)  VaaeEsanrtics,L.,ab,  ; 
(83)  V.  lo,  L.,  ab.  ;  (84)  Rhodocera  rhamni,  L.  ;  (85)  Pieris  brasaicte,  L,  ;  (86) 
P,  napi,  L.  ;  (87)  SatjmiB  Megiera,  L,  ;  (88)  Hesperia  alveolua,  Hb.,  all  a. 
D.  Coleoptera-— (a)  Nitidvlidir  :  (89)  MeligetbeB,  ab.  ;  (ft)  Bupnuilida  :  (90) 
Anthaxianitidula,L.  ;  (c)  Malaeodermata  :  (9i)  MalacbiiiBbipU9tulatUB,F.,f,p,; 
(rf)  Ooecinellula! :  (92)  Coccinella  Beptempnnctata,  L.,  tries  in  vain  to  leach  the 
Loney.  E.  Hemiptera  ;  (93)  Pyrocoris  aptera,  L.,  a.,  ab.  See  also  No.  590^  m,, 
for  a  fartber  list  of  visitors  in  Lonr  Germany  ;  and  No.  609  for  a  list  of  Alpine 
visitora. 


Altogether  I  have  observed  upon  tbe  Dandelioo— 


I  Lrpldoptcn.       DIptcn.     loitw 


PART  III.]  THE  MECHANISMS  OF  FLOWEES.  361 

In  each  100  visitors  there  are  therefore — 


Apidn 

.  Lepidopten.i 
6-1 

Diptera. 
217 

26-6 

1 
Other  Insects, 

i 

In  Low  Germany 

68-2 

13  9 

On  the  Alps 

25-5 

357        i 

12-2 

275.  SONCHUS  OLERACEUS,  L.  : — 

Visitors ;  A.  Diptera — Syrphida :  (1)  Syrphus  balteatus,  Deg.,  f.p.  ;  (2) 
S.  arcuatus,  FalL  ;  (3)  Eristalis  aibustorum,  L.  ;  all  three  species  s.  and  f.p. 
B.  Lepidoptera — Rhopalocera :.  (4)  Pieris  brassicae,  L.,  s. 

276.  SONCHUS  ARVENSIS,  L.  : — 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  $ ,  s.  and  c.p.,  very 
ab.,  it  dusts  itself  over  and  over  with  pollen  ;  (2)  Bombus  sp.,  s. ;  (3)  Panurgus 
calcaratus,  Scop.  ?  (J,  s.  and  c.p.,  very  ab.  ;  (4)  P.  Banksianus,  K.  $  ^, 
scarcer ;  (5)  Halictus  quadricinctus,  F.  ? ,  c.p.  ;  (6)  H.  rubicundus,  Chr.  ? , 
c.p.  and  s. ;  (7)  H.  flavipes,  F.  ? ,  c.p.  ;  (8)  H.  lugubris,  K.  (J ,  s. ;  (9)  Nomada 
varia,  Pz.  9,  s. ;  (10)  Megachile  centuncularis,  L.  J,  c.p.  and  s. ;  (11)  Osmia 
Fpinulosa,  K  ?,  c.p.  and  s.  (Thur.)  B.  Diptera— (a)  Syrphidce:  (12)  Eristalis 
tenax,  L. ;  (13)  E.  arbiistorum,  L.,  both  species  s.  and  f.p.,  ab. ;  (14)  Cheilosia 
pp.,  fp.  ;  (6)  Conopidce:  (15)  Sicus  ferrugineus,  L.,  s.  C.  Lepidoptera — Rhopa- 
locera :  (16)  Hesperia  sp.,  s.  D.  Coleoptera— (a)  Curculionida :  (17)  Spermo- 
phagns  cardui,  Schh.,  very  numerous  ;  {h)  Malacodermata :  (18)  Malachius 
pp.,  f.p.  * 


^  The  following  additional  Coroposites  arc  discussed  in  my  Alpenblumai  (609) : — 
Aehillaa  atrata,  L.,  A.  macrophyfia,  1..,  A.  mosehafa,  Wlf.,  A,  nana,  L.,  Adeno- 
styles  albifronSj  Rehb.,  A.  alpina,  Bl.  et  Fing.,  A,  hyhrida^  D.C.,  Aronicum  ClvMi, 
All.,  Anter  a^pinus,  L.,  Bellidiastrum  Mickeliij  Cass.,  Carduua  Perttonaia,  Jacq., 
Centaurea  Mureti,  Jord.,  C.  nervosa,  "Willd.,  C.  phrygia,  L.,  Chrysanthemum  alpinum, 
L.,  C  coronopifolium,  Vill.,  Cnicus  heterophyllus.  All.,  C.  spinosisstmus.  Scop., 
Crepis  aurea,  Cass.,  Onaphalium  dioicum,  L.,  O,  Le<mtopodium,  Scop.,  Bieracium 
albidum,  L.,  JT.  auraniiacum,  L.,  If,  Auricula,  L.,  H,  gJanduliferum,  Vill  ,  n. 
siaticifolium,  Vill.,  B,  viUosum,  L.,  Bypoehosris  uniflora,  Vill.,  Laciuca  perennis, 
L.,  Lappa  majoi;  Gartn.,  Mulgedium  alpinum,  Cass.,  Saussurea  alpina,  D.C., 
Senecio  abroiani/oHus,  L.,  ^S*.  camiolicus,  Willd.,  ^S*.  cordatus,  Koch.,  S.  Doronicum, 
\j  ,  ^S*.  nebrodensis,  L. 

In  addition  to  these,  the  following  are  treated  in  my  Weitere  Bcohachtungen,  pt. 
III.: — Bidrns  cemua,  L.,  Inula  britannica,  L.,  /.  Belenium,  L.,  I.  hirta,  L.,  Petasites 
offidnalis,  Monch.,  I*rcnanthes  muralis,  L.,  P.  purptirea,  L.,  Senecio  silvaiicus,  L., 
S,  viscosus,  L.,  Silybt'm  Marianum,  L.,  Sonchus  asper,  Vill. 

Besides  all  these,  Hildebrand  in  his  Qcschlerhtsverhdltnisse  bei  dm  ComposiUn  (357) 
treats  of  the  following : — Agaikea,  Ardotis,  Cacalia,  Calendula,  Cryptosteimna^ 
Dahlia,  Doronicum,  Qasania,  Jurinea  alata,  Liatris,  Melampodium  divaricatum, 
Setueio  populifolius,  Silphium  doronvcifolium,  Telekia,  Vemonia,  Xcranihemum. 
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REVIEW   OF  COMP0SIT-£. 

A  reriew  of  tbe  Composites  which  I  have  more  particularly 
described  shows  that  the  special  characters  of  the  family  for  the 
most  part  secure  auch  abundaQt  insect-visits  that  the  power  of 
self-fertilisation  may  be  dispensed  with  ;  and  to  a  great  extent  it 
has  been  dispensed  with,  though  ia  this  respect  all  gradations  are 
found  between  such  conspicuous  and  abundantly- visited  forms  as 
Taraxacum,  Cnuus  arvtngin,  and  AchilUea,  and  those  which,  like 
Senecia  vulgaris,  are  only  risited  eiceptionalty,  and  r^ularly 
fertilise  themselves. 

Species  in  this  last  condition  explain  how  it  could  be  of 
advantage  to  one  otfshoot  of  the  Senecionidse  with  still  less 
conspicuous  flowers,  viz.  the  ArtemisiaceEe,  to  adapt  themselves 
for  wind -fertilisation,  and  to  renounce  entirely  the  insect-visits 
whose  occurrence  had  become  so  rare.  Delpino  has  shown  in  a 
ma.sterly  way  in  his  work  on  the  Artemisiaces,  the  small  steps  by 
which  this  change  took  place. 

A  comparison  of  species  in  the  same  genus  (e.g.  Seiucio  Jaeobtea 
and  8.  vidt/arh,  Cm-dv.ua  crispus  and  C.  acatUkoidfs,  Cnicua  arvensit, 
C.paludi-ia,  and  C.  nittaws),  or  of  closely  allied  genera,  shows  clearly 
that  in  the  Compoaitie,  as  in  other  cases,  the  abundance  of  insect- 
visitors  increases  with  the  conspicuousness  of  the  flowers,  and  the 
variety  of  insects  with  the  accessibility  of  the  honey.  It  is  oidy 
in  a  few  forms  with  solitary,  inconspicuous  capitula,  devoid  of 
ligulate  marginal  florets  (Gvapkalium  uliffinosum,  Senecio  vulgaris), 
that  insect- visits,  and  consequently  cross-fertilisation,  are  rare. 

If  we  compare  in  regard  to  the  variety  of  insect-visitors,  not 
isolated  genera  (Salix,  Scabiosa,  Jasione),  but  whole  families,  with 
the  CompositsB,  we  find  that  the  Unibcllifene  alone  rank  with 
them ;  indeed  they  in  some  cases  surpass  in  this  respei-t  the  most 
favoured  Composites.  But  corresponding  to  the  iliflferent  con- 
ditions of  the  honey  in  these  two  orders,  there  is  this  remarkable 
distinction,  that  the  Umbellifene  are  visited  and  fertilised  mainly 
by  those  insects  which  are  least  specialised  for  floral  nutriment, 
while  most  CompositiE  are  to  a  griater  extent  or  even  principally, 
visited  by  the  most  specialised  orders  of  insects.  To  miike  this 
distinction  quite  evident,  I  have  arranged  in  the  fullowing  table 
ten  of  the  commonest  forms  of  each  order  with  their  visitors, 
choosing  plants  with  whose  insect -visitors  I  was  best  acquainted. 
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This  table  shows  clearly : — 

1.  That  many  Umbel  1  if erse  are  iiot  visited  at  all  by  Lepidoptera, 
and  the  others  to  a  small  extent  only ;  while  the  Composites  are 
regularly  visited  by  Lepidoptera,  and  in  some  casea  {Eupatorium) 
depend  mainly  upon  them.  Of  the  ten  Umbelliferte,  three  only 
are  shown  to  be  visited  by  Lepidoptera,  which  in  no  esse  exceed 
3'5  per  cent,  of  the  insect-visitors ;  and  I  can  testify  that  even 
these  few  species  are  not  regular  but  only  exceptional  guests.  Of 
the  ten  Oompositse,  all  are  visited  by  some  Lepidoptera  (7  to  50 
per  cent.),  and  these  are  among  their  regular  visitors.  Eupatorium. 
I  have  found  to  be  visited  by  very  numerous  Lepidoptera  be- 
longing to  nine  species. 

2.  Bees  are  among  the  visitors  of  almost  all  Umbelliferfe  ;  but 
they  only  amount  to  a  small  number  of  species  (under  16  percent.), 
and  to  a  still  smaller  percent^e  of  individuals.  They  belong 
almost  entirely  to  those  genera  which  are  either  the  least  or  the 
most  adapted  for  obtaining  honey  (cf,  p.  287).  On  the  other 
hand,  the  flowers  of  Composite,  richer  in  honey  and  in  pollen, 
attract  far  more  species  of  bees  of  the  most  various  genera ;  so 
that  in  these  ten  Oompositse  of  my  table,  bees  form  II  t^  72  per 


THE  FERTILISATION  OF  FLOWERS.         [pabt  riL 

cent,  of  the  whole  number  of  species,  and  a  still  larger  proportion 
of  the  individual  visitors,  and  owing  to  their  diligence  they  are  of 
even  greater  importance  in  the  work  of  fertilisation  than  this 
percentage  directly  indicates. 

3.  Diptera,  and  short-lipped  insects  of  other  orders  (especially 
Hymenoptera  and  Coleoptera),  form  a  considerable  percentage  of 
the  species  of  visitors  in  both  families,  but  more  so  in  the  case  of 
Umbelliferte  than  of  Composite.  In  the  ten  Composites  the 
number  of  Dipterous  visitors  varies  from  6  to  45,  in  the  ten  Um- 
bellifers  from  31  to  62,  per  cent.  Similarly,  the  percentage  of 
short-lipped  visitors  of  other  orders  varies  in  these  Composites 
from  2  to  37,  in  the  Umbellifera  from  37  to  57,  per  cent.  Diptera 
and  short-lipped  insects  of  other  orders  taken  together  make  in 
the  Compositie  14  to  76,  in  the  UmbelUferie  83  to  100  per  cent. 

In  the  face  of  this  evidence,  it  is  unnecessary  to  discuss 
Delpino's  statement  (178,  180)  that  the  Compositie  are  fertilised 
almost  exclusively  by  bees. 

Okd.   STYLIDIEM. 

The  plants  of  this  order,  according  to  Delpino  (who  examined 
only  dried  specimens),  are  markedly  proterandrous  and  are  evidently 

fertilised  by  insects  (17S). 

Ord.  GO0DEN0VIE.E. 

In  the  plants  of  this  order  the  style  ends  in  a  collecting-cup, 
which  receives  the  poUen  while  still  in  the  bud  and  then  closes  up, 
leaving  only  a  narrow  opening  for  the  most  part  covered  by  hairs. 
At  the  same  time  it  bends  down  to  stand  in  the  mouth  of  the 
almost  horizontal  flower,  so  that  in  sect- visitors  come  in  contact 
with  the  hairs  and  dust  themselves  with  a  little  of  the  powdery 
pollen.  As  the  stigmatic  lobes  grow  up  in  the  cup  they  keep  forcing 
fresh  pollen  into  the  narrow  slit,  and  finally  emerge  by  it  themselves, 
and  then  receive  the  pollen  of  younger  flowers  from  insect- visitors 
(178,  360,  550),  The  structure  of  the  stigma  in  the  different 
genera  {Goodenta,  Scmvola,  Vtlleia,  Calogync.,  Dampiera,  Lesche- 
nauUia)  is  very  variable,  as  Bentham  shows  in  an  interesting 
paper  (84).  In  Lescfienauitia  formoaa,  B.  Br.,  the  insect's  proboscis 
comes  in  contact  with  the  lower  lip  of  the  pollen-cup,  thus  opening 
it  and  dusting  itself  with  pollen ;  in  the  next  flower  it  places  this 

\  pollen  on  the  stigmatic  surface  which  lies  outside  the  pollen-Cup 

I  (Darwin,  No.  162). 
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Oed.  CAMPANULACEjE. 

Tribe  Lobelteof, 

Siphocampylus  bicolor,  G.  Don. — The  five  anthers  cohere  to  form 
a  hollow  cylinder  which  becomes  filled  with  pollen,  and  whose 
anterior  opening  bends  downwards  into  the  mouth  of  the  flower. 
In  the  first  stage  the  style,  with  its  two  stigmatic  lobes  closely 
applied  to  one  another,  extends  to  the  base  of  the  anther-cylinder, 
but  gradually  grows  up  through  it,  brushing  the  pollen  before  it 
out  of  the  cylinder  by  means  of  a  ring  of  hairs  placed  behind  the 
stigmas.  When  the  stigmas  issue  at  the  anterior  opening  of  the 
cylinder  the  two  lobes  separate  and  expose  their  papillar  surfaces 
to  contact  with  insect- visitors  in  the  upper  part  of  the  mouth  of 
the  flower.  So  insects  come  in  contact  in  younger  flowers  with 
pollen  at  the  anterior  opening  of  the  anther-cylinder,  and  in  older 
flowers  with  the  stigmas,  and  regularly  fertilise  older  flowers  mth 
the  pollen  of  younger  (Hildebrand,  Nos.  346  and  351). 

Other  species  of  Siphocampylus  are  believed  by  Delpino  to  be 
fertilised  by  honey-sucking  birds  (178). 

Isotoma  axillaris,  E.  Br. — The  mechanism  is  for  the  most  part 
similar,  but  there  is  a  lancet-like  appendage  to  each  of  the  lower 
anthers  which  extends  downwards  iuto  the  upper  part  of  the 
flower,  and  which  causes  shedding  of  the  pollen  when  touched  by 
an  insect  (Hildebrand,  No.  356). 

Lobelia  Erinus,  L.  (?)  (Common  Blue  Lobelia). — The  flower, 
which  has  been  thoroughly  described  by  Mr.  T.  H.  Farrer,  agrees 
in  all  essential  points  mth  Siphocampylus  hicolor,  and  is  visited  by 
bees  (240). 

Delpino  saw  Lobelia  Erinus  visited  by  Halictus  (178).  Hilde- 
brand observed  in  the  same  species  that  the  style  is  frequently  not 
able  to  force  its  way  through  the  closed  end  of  the  anther- tube, 
and  that  in  such  a  case  the  stigmatic  lobes  unfold  within  the 
anther-tube  and  are  self-fertilised  (360). 

Lobelia  syphilitica,  L.,  is  abundantly  visited  by  Bombus  italicus 
and  B.  tei*reslris  (Delpino,  172,  176). 

Lobelia  fulgcns,  Willd. — Delpino  suggested  that  this  plant  is 
fertilised  by  humming-birds  (172,  176),  and  Trelease  afterwards  saw 
the  flowers  visited  by  the  Euby-throated  Humming-bird  (727,  75 1). 

Heierotoma  ditfers  from  Siphocampybcs  in  having  all  the  lobes  of 
the  corolla  bent  downwards,  in  the  lower  portion  of  the  corolla  being 
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produced  into  a  long  spur,  aud  in  tlie  stamens  only  cohering  for  a 
short  distance  below  the  anthers  (360). 

Tribe  Cyi>hiea!. 

The  stigma  is  crowned  with  a  tuft  of  hairs  and  only  reaches  to 
the  base  of  the  anthers,  which  are  closely  aggregated  together 
and  contain  the  pollen  in  a  single  large  mass  between  them.  The 
anthers  stand  on  the  lower  side  of  the  horizontal  flowers,  and 
separate  when  the  in  sect- visitor  enters,  so  that  the  ventral  surface 
of  the  insect  comes  in  contact  with  the  pollen  and  with  the  stigma. 
Bees  are  probably  the  fertilising  agents  (178,  360). 

Tribe  Campantdeas. 

The  structure  of  the  flower  in  our  species  of  Campanula  has 
been  admirably  described  and  explained  by  Sprengel.  Delpino 
makes  general  remarks  upon  this  and  several  other  genera  of 
Campanulew,  and  names  Cdonix  as  the  fertilisers  of  Campanula 
Medium,  and  Apis  and  Salictus  as  fertilisers  of  the  other  species  of 
Campanula ;  and  he  gives  in  addition  to  hia  own  observations  a  full 
account  of  the  erroneous  views  of  Wahlbom,  Cassiui,  Du  Petit- 
Thouars,  Alph,  de  CandoUe,  Treviranus,  Gartner,  and  Vaucher 
concerning  the  fertihsation  of  Campanula  (178,  360). 

In  Campanula  the  honey  is  secreted  and  borne  by  a  yellow, 
fleshy,  epigyuous  disk  (71),  surrounding  the  base  of  the  style; 
it  is  covered  by  the  bases  of  the  five  stamens  which  expand  in 
triangular  laminie  {&d).  Hairs  close  over  the  interspaces  between 
the  bases  of  the  stamens,  and  protect  the  houey  rather  from 
unbidden  guests  than,  as  Sprengel  supposes,  from  rain,  which 
is  sufficiently  guarded  against  in  most  species  by  the  pendulous 
position  of  the  flowers. 

In  the  bud,  and  often  for  a  time  in  the  open  flower,  the  three 
stigmas  lie  closely  applied  together,  forming  a  cylinder  whose  outer 
surface  is  thickly  covered  with  long,  erect  hairs ;  in  the  bud  the 
anthers  are  placed  close  aronnd  this  cylindrical  brush  ^-b),  so 
that  they  form  a  hollow  cylinder  inclosing  the  style,  and  as  they 
dehisce  introrsely  they  shed  tiieir  pollen  upon  the  hairs  of  the 
brush.  When  this  has  taken  place  the  stamens  wither  and  with- 
draw into  the  base  of  the  flower.  Now  the  flower  opens  and  dis- 
plays iu  the  first  stage  of  its  development  a  cylindrical  brush 
standing  in  the  centre  and  covered  thickly  at!  round  with  pollen. 
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which  is  rubbed  off  by  the  hairy  bodies  of  iosect-visitora  until  it  ia 
exhausted;  meanwhile  the  hairs  of  the  brush  gradually  shrivel.  In 
the  second  stage  the  three  divisions  of  the  style  separate  and  curve 
backwards,  exposing  their  inner  surfaces  covered  with  stigmatic 
papills  (st)  to  be  touched  by  insect-visitors.  In  case  of  sutficient 
insect- visits,  cross-fertilisation,  and,  as  in  every  case  of  marked 
proterandry,  fertilisation  of  older  flowers  with  the  pollen  of  younger, 
is  inevitable. 

In  Campanula,  when  insects  have  not  visited  the  flower  to 
a  sufficient  extent,  the  stigmas  usually  bend  further  backwards 
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until  self-fertilisation  is  effected.  The  papillose  end  of  the  stigma 
either  comes  in  immediate  contact  with  the  pollen  still  adhering 
to  the  upper  end  of  the  styles,  or  pollen  falls  of  itself  upon  the 
papillce  of  the  recurved  portion.  It  is  clear  from  its  wide,  bfll- 
shaped  corolla,  that  Campanula  is  specially  adapted  for  humble- 
bees,  but  the  flowers  in  the  various  species  arc  visited  by  many 
other  insects,  chiefly  bees.  Many  insects  find  shelter  from  rain 
and  also  spend  the  night  within  the  flowers ;  and  some  confine  their 
visits  mainly  (Cilis^u,  licumorrhoidalii,  species  of  Clielosloma)  or 
almost  exclusively  (Ifalidoidea  detitiventris)  to  species  of  Campanula. 
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277.  Campanula  rotundifolia,  L.  : — 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  ^ ,  a.  ;  (2) 
Bombus  pratorum,  L.  $ ,  s. ;  (3)  B.  lapidarius,  L.  Q ,  cp. ;  (4)  Cilissa  hsemar* 
rhoidalis,  F.  ?  (J,  s.  and  c.p.  ;  (5)  Andrena  Coitana,  K.  (J  (Sid.),  ab.  ;  (6) 
A.  Qwynana,  K.  ^ ;  (7)  Halictus  Smeathmanellus,  K.  (J ;  (8)  Halictoides 
dentiventris,  Nyl.  ^  $ ,  the  ^  abundant,  sometimes  passing  the  night  within 
the  flowers  ;  (9)  Chelostoma  nigricome,  Nyl.  ?  (J ,  s.  and  c.p. ;  (10)  Ch.  Cam- 
panularum,  L.,  do.  B.  Diptera — (o)  Bombylida :  (11)  Systcechus  sulfnreus, 
Mik.,  s.  (Sid  )  ;  (b)  Empidce :  (12)  Rhamphomyia  plumipes,  Fallen,  ab.  C.  Lepi- 
doptera — (13)  Ino  statices,  L.,  s.  (Sid.).  D.  Coleoptera—  (a)  Staphylinida :  (14) 
Anthobium  ;  {b)  Curculionida :  (15)  Qymnetron  Campanulas,  L. ;  (16)  Otio- 
rhynchus  ovatus.  On  the  Alps  also  this  species  is  chiefly  visited  by  bees 
(609).    See  also  No.  590, 111. 

278.  Campanula  Trachelium,  L.:— 

Visitors :  A.  Hymenoptera — Apidas :  (1)  Apis  mellifica,  L.,  9 1  S'l  ab.  ;  (2) 
Cilissa  haemarrhoidalis,  F.  9  (J ,  s.  and  c.p.,  the  (J  very  ab.,  sometimes  three  in 
one  flower ;  (3)  Andrena  Coitana,  K.  $  ^ ,  here  also  the  (J  is  much  the  more 
abundant ;  (4)  A.  Qwynana,  K.  $  (J ,  ab.  ;  (5)  A.  f ulvicrus,  K.  ^ , .  taking 
shelter  during  rain  ;  (6)  Halictus  cylindricus,  F.  ? ,  c.p.  ;  (7)  Halictoides 
dentiventris,  Nyl.  ?  ^,  <J  very  ab.  ;  (8)  Prosopis  hyalinata,  Sm.  9  ^>  ^'  i 
(9)  Chelostoma  Campanularum,  L.  B.  Diptera — Syrphida:  (10)  Chryso- 
chlamys  ruficornis,  F.  (Lippstadt,  Sid.),  f.p.  ;  (11)  Syrphus  balteatus,  Deg., 
f.p.  C.  Coleoptera — (a)  Nitidulido! :  (12)  Meligethes,  very  ab.  ;  (6)  Crypto- 
phagida  :  (13)  Antherophagus,  sp.     See  also  No.  590,  in. 

279.  Campanula  rapunculoides,  L.  : — 

Visitors  :  A.  Hymenoptera — Apidas :  (1)  Apis  mellifica,  L.  9 »  s*  »  (2) 
Bombus  lapidarius,  L.  5  j  s-  and  c.p. ;  (3)  Cilissa  haemarrhoidalis,  F.  ?  (J  ;  (4) 
Andrena  Qwynana,  K.  (J  ?  ;  (6)  Halictus  maculatus,  Sm.  (J ;  (6)  H.  albipes, 
K.  ?  ;  (7)  Chelostoma  nigricome,  Nyl.  (J  9  ;  (8)  Ch.  Campanularum,  K.  ^  J  ; 

(9)  Prosopis  hyalinata,  Sm.  ^  ? ,  the  last  three  ab.     B.  Diptera — Syrphidte  : 

(10)  Rhingia  rostrata,  L.,  s.,  it  issues  from  the  flower  with  its  back  covered 
with  pollen.     See  also  No.  590,  in. 

280.  Campanula  bononiensis,  L.  (Wandersleber  Gleiche  in 
Thuringia). 

Visitors  :  A.  Hymenoptera — Apidce :  (1)  Chelostoma  florisomne,  L.  J  ^J , 
freq.  ;  (2)  Ch.  nigricorne,  Nyl.  ?  (J  ;  (3)  Ch.  Campanularum,  K.  9  (J ,  ab.  ; 
(4)  Halictus  flavipes,  F.  $ .  B.  Coleoptera — Nitidulidce :  (5)  Meligethes, 
freq.     See  also  No.  590,  iii. 

281.  Campanula  patula,  L.  : — 

Visitors  :  Hymenoptera — Apidce  :  (1)  Andrena  Qwynana,  K.  ? ,  s.  and 
c.p. ;  (2)  Clielostoma  nigricorne,  Nyl.  (J  ? ,  s.  and  c.p.     See  also  No.  590,  iir. 
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282.  Campanula  peusicifolia,  L.  : — 

Visitors:    A.    Hymenoptera— ^jom/oj  :  (1)  Prosopis  hyalinata,  Sm.   9^. 

B.  Orthoptera— (2)  Forficula  auricularia,  L.,  hiding  in  the  flowers.    See  also 
No.  590,  in. 

Campanula  canescens,  Wall.,  and  C,  colorata,  Wall,  two  East 
Indian  species,  have  cleistogamic  flowers  (531).^ 

Spectdaria  perfoliata,  Dec. — The  cleistogamic  flowers,  which 
were  known  to  Linnaeus,  are  described  by  H.  von  Mohl  (531). 

Trachelium. — When  the  flower  expands  the  pollen  adheres  to 
the  hairs  of  the  stigma,  which  in  the  bud  grows  up  between  the 
anthers ;  these  hairs  then  wither  and  readily  give  up  the  pollen  to 
an  insect-visitor.  Afterwards  the  stigma  unfolds  and  its  papillae 
develop.  Delpino  observed  a  cabbage-white  butterfly  (Piei-is) 
sucking,  and  a  bee  {Halictus)  collecting  pollen,  on  the  flowers 
(178,  360). 

Phyteuma, — The  structure  of  the  flower  of  Phyteuvia  resembles 
on  the^whole  that  of  Campanula,  but  the  pollen,  as  in  Compositae, 
IS  pushed  up  out  of  a  tube,  by  the  growing  style,  and  comes  to  lie 
outside  the  flower  exactly  in  the  spot  where  the  stigmas  after- 
wards unfold.  The  tube  is  formed  by  the  long  strap-shaped  lobes 
of  the  corolla  which  cohere  for  a  time  and  afterwards  separate. 
This  arrangement  allows  of  diminution  in  size  and  aggregation  of  the 
flowers  without  interfering  with  the  certainty  of  cross-fertilisation. 

I  have  found  the  blue  Alpine  species  of  Phyteuma  (P.  hemi- 
ap?UBricu7n,  L.,  hitmile,  Schleich.,  orhiculare,  L.,  Scheuchzeri^  All., 
Michelii,  AIL,  Halleri,  All.)  to  be  visited  for  the  most  part  by 
numerous  bees  and  butterflies.  For  instance,  on  P.  Michelii  I 
observed  seventeen  Apidm  (including  twelve  humble-bees),  forty- 
two  Lepidoptera,  eight  Diptera,  one  beetle  (No.  609,  pp.  406-413). 

Phyteuma  j>auciJlorum,  L.,  was  found  by  Ricca  to  be  visited  by 
humble-bees  on  the  Alps  at  a  height  of  nearly  10,000  feet  (665). 

283.  Jasione  MONTANA,  L. — The  structure  of  the  flower  was 
described  thoroughly  and  accurately  by  Sprengel.  The  flower,  to 
a  greater  extent  even  than  Phyteuma,  has  two  advantages  over 
Campanula,  for  (1)  it  attracts  much  more  numerous  and  more 
varied  insects  for  the  sake  of  its  honey  and  pollen,  and  (2)  it 
allows  the  larger  visitors  to  fertilise  a  greater  number  of  stigmas 
simultaneously  with  pollen  from  other  flowers,  while  in  CajTipajiu/a 
the  fertilisation  of  each  flower  requires  a  separate  visit. 

*  The  follo\s*ing  adilitional  species  of  Campanula  are  discussed  in  my  Alpc-nhhimn  : 

C.  ptisilla,  Hreiik.,  C.  Schsuchxrif  VilJ.,  C.  harlKda,  L.,  and  C.  thynmcfray  L. 
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The  visits  of  a  more  miscellaneous  lot  of  insects  are  attained  1 
by  the  honey  being  very  easily  accessible,  though  protected  from  J 
rain.  It  is  gecret4.'d,  as  in  Campanula,  by  the  upper  surface  of  the  I 
ovary,  where  it  lies  fully  exposed  and  surrounded  by  the  flat  limb  1 
of  the  calys.  The  corolla  is  cleft  to  its  base  into  narrow  linear  l 
lobes,  and  permits  the  most  short-lipped  insects  to  have  free  access  I 
to  the  honey ;  the  stamens,  by  cohering  at  the  base  of  the  anthers  J 


Fra.  11« PtvUvna  KitlalH,  t. 

A.— Taimg  bud,  lAf  r  removil  of  llig  corullii  ud  of  oh  utMNCII. 

B.— Flower,  In  ant  (mali')  aUgs. 

C— Dltln,  iDiMuudffenmlejsHigP.    (xT) 

(PraoieiuliiHi,  July  20, 187J)- 

to  form  a  ring  round  the  style,  shelter  the  honey  from  rain,  though 
not  from  insects,  which  can  insert  their  heads  or  tongues  betwees 
the  filaments  which  are  quite  tliin  and  widely  separate  to  their 
Drops  of  rain  are  eschided  from  the  base  of  the  flower  partly  bf 
the  shrivelled  anthers  which  point  obliquely  upwards,  and  pajtiy 
by  the  filaments.  That  the  larger  insects  fertilise  numennu 
flowers  at  each  visit  with  pollen  from  other  flowers  is  effected 
three  other  characters  conjointlj'.      In  the  first  place,  the  flowei 
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are  so  small  and  so  closely  a^regated  that  tbe  lai^er  iosects  come 
in  contact  with  many  at  once  in  their  visits ;  secondly,  the  styles 
elongate  until  they  overtop  the  lobes  of  the  corolla ;  and  thirdly, 
here  as  in  Campanula  the  flowers  are  markedly  proterandrous, 
tbe  style  bearing  first  a  cylindrical  brush  covered  with  pollen 
(Fig.  120,  3),  and  afterwards,  when  both  poUen  and  hairs  have 


— EiHiitUI  orgiiu.  fre 


*e  ihrlieUBd  n| 
«.— Dtttn,  In  K 


Fra.  \tl).—Jitixumimitna,  L. 
1 1  jouBa  bud.    Tba  (till  clOMd  uitbin  hirs  bMn  wpintad  allgbUT, 
nail  lylns  bftwHii  tbem. 
n  older  bud.    Tbo  uithera  hu«  iImiI  Ukdr  poUtn  npon  tba  itjU,  icd 


id  (raniile)  aUga,  uTtrr  nmnnl  at  Uv  n]jx  and  coral  U. 


disappeared,  displaying  a  two-Iobed  stigma.  The  small  size  of  the 
flowers  is  fully  compensated  for  by  the  union  of  a  large  number  in 
a  capitulum.  Sprengel  states  the  number  of  florets  in  a  capituluni 
to  be  about  seventy;  in  the  specimens  that  I  have  examined, 
I  have  found  the  number  to  be  considerably  over  100,  even 
reaching  180. 

B  B  2 
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Jasione  is  rendered  especially  conspicuous  by  growing  chiefly 
on  dry,  sandy  soil,  where  it  is  usually  one  of  the  most  prominent 
flowers,  and  where  m^tny  bees  and  sand-wasps  which  visit  it  have 
their  nests. 

On  two  such  spots,  behind  the  Tannenbaum  at  Lippstadt,  and 
on  the  Lippstadt  Heath,  I  found  the  following  insects  visiting  the 
flowers  in  July  and  August,  1868  and  1869  : — 

A.  Hymenoptera — (a)   Apula :   (1)   Bombus  hortorum,  L.   ?  9 1  s. ;    (2) 

B.  silvarum,  L.  5  >  s.  ;  (3)  B.  rupestris,  L.  $ ,  s.  ;  (4)  Sarapoda  bimaculata,  Pz. 
?  (J,  very  ab.,  s.  and  c.p.  ;  (5)  Dasypoda  hirtipes,  F.  (J,  freq. ;  (6)  Cilissa 
leporiiia,  Pz.  ?  ;  (7)  Rhophites  halictula,  Nyl.  ? ,  s.  ;  (8)  Andrena  Hattorfiana, 
F.  (J,  once  ;  (9)  A.  dorsata,  K.  ?  ^,  ab. ;  (10)  A.  pubescens,  K.  (J  (=  fus- 
cipes,  K),  8.  ;  (11)  A.  fulvago,  Chr.  ?  ;  (12)  A  helvola,  L.  ?  ;  (13)  A.  fulvi- 
crufl,  K.  9  ;  (14)  A.  argentata,  Sm.  ^  ;  (15)  A  pilipeB,  F.  (J  ;  (16)  A.  Coitana, 
K.  (J  ?  ;  (17)  Colletes  marginata,  L.  ^ ;  (18)  Halictus  fasciatus,  Nyl.  $  ;  (19) 
H.  flavipes,  F.  ^ ;  (20)  H.  leucozonius,  Scbr.  ?  ;  (21)  H.  albipes,  F.  $  ;  (22) 
H.  cylindricuB,  F.  ?  ^  ;  (23)  H.  villosulus,  K.  ?  ;  (24)  H.  lucidulus,  Schenck,  $  ; 
(25)  Sphecodes  gibbus,  L.  ?  (var.  rufescens,  Fourc.)  ;  in  the  last  three  genera 
the  ^  s.,  the  ?  s.  and  c.p.  ;  (26)  Ceratina  cairiilea,  Vill.  ?  (J ,  freq.,  s.  and  cp. ; 
(27)  Noraada  nificomis,  L.  ?  (J ;  (28)  N.  Roberjeotiana,  Pz.  $  ^  ;  (29)  N. 
nigrita,  Schenck,  ^  ;  (30)  N.  lineola,  Pz.  (J ;  (31)  N.  Jacobsese,  Pz.  ;  (32)  N. 
varia,  Pz.  ;  (33)  N.  Fabriciana,  L.  ;  (34)  Coelioxys  quadridentata,  L.  ?  ^ ,  ab. ; 
(35)  C.  conoidea,  111.  (punctata,  Lep.  ? )  ;  (36)  C.  simplex,  Nyl.  ?  ^ ,  s.  ;  (37) 
Epeoliis  variegatiis,  L.  ^  J »  ^Teq.  ;  the  cuckoo- bees  of  course  only  suck ; 
(38)  Anthidiura  strigatum,  Latr.  (J  ;  (39)  Diphysis  seiratulae,  Pz.  ?  ;  (40)  Me- 
gachile  maritima,  K.  (J ;  (41)  M.  argentata,  F.  (J  ? ,  s.  and  cp.,  ab. ;  (42) 
Chelostoma  campanularum,  L.  $  ;  (43)  Prosopis  variepjata,  F.  9  ^  >  very  ab. ; 
(44)  P.  dilatata,  K.  ^  ;  (45)  P.  communis,  Nyl.  ?  (J,  ab.  ;  (46)  P.  hyalinata, 
Sm.  9 ,  ab.  ;  (47)  P.  pictipes,  Nyl.  ? ,  scarce ;  {b)  Sphegidcp,  s. ;  (48)  Ammo- 
phila.  sabulosii,  L.  ^ ,  freq.  ;  (49)  Psammophila  affinis,  K.  cj  $ ,  very  freq. ; 
(50)  Ponipilus  rufipcs,  L.  ^  ;  (51)  P.  viaticua,  L.  ^  ;  (52)  Ceropales  maculata, 
F.,  freq.  ;  (53)  Cerceris  arenaria,  L.   9  c?  >  a^-  J  i^^)  C-  labiata,  F.   g  ;   (55) 

C.  nasuta,  Kl.  ($ ;  (56)  Mellinus  sabulosus,  F,,  freq.  ;  (57)  Miscus  campestrifl, 
Latr.  5  ;  (58)  Philanthus  triangulum,  F.  ;  (59)  Tachytes  pectinipes,  L.  ;  (60) 
Lindenius  albilabris,  F. ;  (61)  Oxybelus  uniglumis,  L.,  ab.  ;  (62)  O.  bellicoeus, 
01. ;  (63)  0,  mandibularis,  Dhlb.  ;  (64)  Crabro  alatus,  Pz.  ?  (J,  very  ab.  ;  (65) 
Or.  patellatus,  v.  d.  L.  ?  ;  (66)  Cr.  pterotus,  F.  ?  (J ,  both  not  rare  ;  (c)  Qiiy- 
sidcR  :  (67)  Hedychnini  lucidulum,  Latr.,  s.  B.  Diptera— (a)  Bomhylida: 
(68)  Exoprosopa  ciipucina,  F.,  not  rare  ;  {h)  Emp\dm  :  (69)  Empis  livida,  L., 
very  ab.  ;  (c)  Syrphidm  :  (70)  Melithreptus  scriptus,  L.  ;  (71)  M.  mentbastri,  L. ; 
(72)  Volucella  bombylans,  L.  ;  (73)  Helophilus  pendulus,  L.  ;  (74)  Eristalis 
tenax,  L.  ;  (75)  E.  seneus,  Scop. ;  (76)  E.  arbustorum,  L.  ;  (77)  Syritta  pipiens, 
L.  ;  (78)  Melanostoma  mellina,  L. ;  (79)  Syrphus  pyrastri,  L.  ;  (80)  Eamenu 
sabulonum,  Fall.  ;  (81)  Pipizella,  sp.  ;  (d)  Conopidm  :  (82)  Sicus  ferrugineus,  L.; 
(83)  Physocephala  rufipes,  F,  freq.  ;  (84)  Ph.  vittata,  F.  ;  (c)  Muacwim  :  (85) 
Ocyptera  brassicaria,  F.  ;  (86)  0.  cylindrica,  F.,  both  very  freq.  ;  (87)  Echi- 
nomyia  tesselata,  F.,  very  ab.  ;  (88)  E.  ferox,  Pz.  ;  (89)  Oliviera  lateralis,  Pi., 
ab.     The  Sijrphidcc  both  s.  and  c.p.,  the  others  only  s.     C.  Lepidoptera,  a.  ;  (a) 
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Khopalocera :  (90)  Polyommatus  Phlocas,  L.,  8.,  ab. ;  (91)  P.  Dorilis,  Hfn.,  freq. ; 
(92)  Ljcsena  flegon,  W.  V.  (J  ;  (93)  Satyrus  Janira,  L.,  ab.  ;  (94)  S.  pamphilus,  L. ; 
(95)  Hesperia  thaumas,  Hfn. ;  (6)  Sphingida :  (96)  Ino  statices,  L.  D.  Cole- 
optera — (a)  (Edemeridtz :  (97)  (Edemera  virescena,  L.  ;  {h)  CeramhycidvB  :  (98) 
Leptura  livida,  L.,  freq.,  l.h.  ;  (c)  Chry^omelidcR :  (99)  Cryptocephalus  sericeus, 
L.    A  list  of  Blneteen  additional  visitors  is  given  in  No.  590,  iii. 

Jasione  montana  stands  in  the  front  rank  of  our  native  plants 
in  regard  to  the  number  and  variety  of  its  insect-visitors ;  it  is  only 
matched  by  some  Umbelliferae  and  Oompositae,  which  share  with  it 
the  advantages  of  fully-exposed  honey,  and  the  union  of  numerous 
flowers  with  freely-projecting  reproductive  stigmas  and  anthers  in  a 
conspicuous  inflorescence.  In  all  such  plants,  cross-fertilisation  is 
completely  insured,  and  accordingly  the  possibility  of  self-fertilisa- 
tion has  been  lost. 


Ord.  VACGINIACE^. 

284.  Vaccinium  Myrtillus,  L.  ;  285,  V.  uliginosum,  L.—Both 
species  are  slightly  proterandrous,  and  resemble  Erica  tciralix  in 
their  mode  of  fertilisation. 

In  V,  Myrtillus,  according  to  Sprengel,  honey  is  secreted  and 
borne  by  the  white  annular  ridge  or  disk  which  rests  upon  the 
ovary  and  surrounds  the  style  ;  I  have  never  foimd  this  disk  moist, 
even  when  the  wide  part  of  the  corolla  is  quite  wet  with  honey  ; 
it  is  moreover  not  so  smooth  as  honey-glands  usually  are.  On  the 
other  hand,  I  have  very  frequently  found  in  both  species  a  drop  of 
honey  at  the  outer  side  of  the  base  of  each  stamen ;  and  as  the 
base  of  the  corolla  immediately  above  its  insertion  is  all  round 
much  thicker  and  fleshier  than  the  upper  portion,  I  at  first  did  not 
doubt  that  it  secreted  the  honey.  But  I  have  since  convinced 
myself  that  Sprengel  was  right,  and  that  the  drops  of  honey  secreted 
by  the  epigynous  disk  pass  between  the  filaments  to  the  wall  of 
the  corolla. 

So  far,  both  species  agree  with  one  another :  but  in  other  respects 
each  has  certain  advantages  over  the  other.  V,  Myrtillus  secretes 
more  honey,  which  is  lodged  in  a  much  more  globular  corolla ;  the 
opening  is  narrowed  so  that  only  insects  with  a  proboscis  long 
enough  to  reach  from  the  exterior  to  the  base  of  the  corolla  can 
obtain  the  honey.  On  the  other  hand,  V,  ulvjinosum  forms  taller 
bushes  bearing  much  more  numerous  flowers,  which  are  red  on 
the  side  turned  towards  the  light  and  therefore  much  more  con- 
spicuous while  the  mouth  of  the  corolla  is  3  mm.  wide,  permitting 
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the  smaller  insects  to  iDsert  their  heads  or  the  whole  forepart  of 
the  body.  V.  MyriUlua  has  thus  adapted  itself  exclusively  for  the 
long-prohoscised  bees  (hive-bees,  humble-bees),  which  are  con- 
spicuous for  their  skill  and  diligence ;  they  know  that  within 
the  inconspicuous  corolla  they  will  find  a  rich  store  of  honey,  and 
seek  it  so  assiduously  that  hundreds  of  the  flowers  are  visited  and 
fertilised  by  a  single  insect.  V.  tUiginosum  has  adapted  itself  by 
ite  more  conspicuous  Sowers  and  more  accessible  honey  to  much 
more  various  insects ;  it  is  much  less  frequently  and  less 
assiduously  visited  by  the  long-tongued  bees  than  V.  Myriillus, 
for  the  greater  part  of  the  honey  is  carried  away  by  the  short- 
hpped  insects. 


The  difference  in  size  of  the  mouths  of  the  corolla  causes  also 
another  difference,  illustrated  in  Fig.  121.  In  V,  MyrlUlua  the 
stigma  projects  a  little  beyond  the  corolla,  and,  as  every  insect- 
visitor  inserts  only  its  proboscis  into  the  flower,  the  stigma  is  certain 
to  be  touched  by  the  insect's  head  before  the  latter  receives  the 
pollen  shed  upon  it.  In  V.  ulvjiiiosiivi,  if  the  stigma  occupied  the 
same  position,  the  smaller  bees  {Halicius  and  small  AtidreiuE  and 
Nomadai)  might  enter  the  flower  without  ever  touching  the  stigma ; 
whereas,  placed  as  it  is,  immediately  within  the  entrance,  it  must 
be  touched  by  even  the  smallest  insects  entering  the  flower.  I 
have  verified  by  direct  observation  this  marked  distinction  between 
the  insect- visitors  of  the  two  species. 
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284.  V.  Myrtillus,  L.  : — 

Visitors  :  (1)  Apis  mellifica,  L.  9  >  very  ab.,  s. ;  (2)  Bombus  agronira,  F.  ? , 
ab. ;  (3)  B.  lapidarius,  L.  ?  ;  (4)  B.  terrestris,  L.  ?  ;  (5)  B.  Scrimshiranus, 
K.  ^,sll  sucking  only.  They  hung,  head  downwards,  from  the  corolla.  All 
the  huiuble-bees  that  I  observed  were  females,  for  the  workers  scarcely  occur 
when  the  plant  is  in  flower  (middle  of  April  to  beginning  of  May).  (6)  Au- 
drena  nigroaenea,  K.  (J ,  I  once  found  this  species,  whose  proboscis  is  only  3J 
mm.  long,  endeavouring  vainly  to  reach  the  honey. 

285.  V.  ULIGINOSUM,  L. — I  found  all  the  followiDg  insects  upon 
this  plant  on  one  sunny  afternoon  (May  19,  1870)  : — 

A.  Hymenoptera — (a)  Apida:  (1)  Apia  mellifica,  L.  $,  ab. ;  (2)  Bombus 
terrestris,  L.  9 ,  freq. ;  (3)  B.  hortorum,  L.  §  ;  (4)  B.  pratorum,  L.  ?  ;  (5) 
B.  agrorum,  F.  ? ;  (6)  B.  confusus,  Bchenck,  ?  ;  (7)  B.  (Apathus)  vestalis, 
Fourc  ? ,  freq. ;  (8)  B.  (A.)  campestris,  Pz.  ?  ;  (9)  B.  silvarum,  L.  ?  ;  (10) 
Andrena  nigroaenea,  K.  ?  (J ;  (11)  A.  pilipes,  F.  (J ;  (12)  A.  fulva,  Schrank, 
?  ;  (13)  A.  Gwynana,  K.  ? ;  (14)  A.  atriceps,  K.  ^ ;  (15)  Halictus  rubi- 
cund us,  Chr.  ?  ;  (16)  H.  flavipes,  F.  ?  ;  (17)  H.  sexnotatus,  K.  ?  ;  (18)  H. 
cylindricus,  F.  ?  ;  (19)  H.  sexstrigatus,  Schenck,  ? ;  (20)  Colletes  cunicularia, 
L.  ?  ;  (21)  Nomada  ruficomis,  L.  ?  ;  (22)  N.  femiginata,  K.  ?  ;  (23)  Osmia 
rufa,  L.  9 ,  all  sucking  ;  (h)  VeapidcB :  (24)  Vespa  rufa,  L.,  s.  B.  Diptera — 
Syrphidm :  (25)  Eristalis  arbustorum,  L.,  very  ab.  ;  (26)  E.  horticola,  Mgn., 
scarce  ;  (27)  E.  intricarius,  L.,  do. ;  (28)  Rhingia  rostratii,  L.,  not  unfreq.;  all 
four  sucking.  0.  Lepidoptera — RKopalocera :  (29)  Lycsena  argiolus,  L. ;  (30) 
Thecla  rubi,  L.,  both  sucking.     See  also  No.  590,  in. 

Vaccinium  axi/caccits,  L. — The  structure  of  the  flower  was  caje- 
fully  described  by  Sprengel.  It  is  adapted  for  bees,  but  is  very 
sparingly  visited.  The  flowers  last  a  very  long  time,  according  to 
Sprengel,  eighteen  days,  and  Sprengel  was  probably  justified  in 
considering  this  fact  to  be  explained  by  the  scanty  insect- visits 
(590,  III.). 

Vaccinium  VHis-idcea,  L. — The  mouth  of  the  corolla  is  still 
wider  than  in  V.  lUiginosum,  and  the  flower  is  more  nearly  erect. 
The  plant  is  fertilised  by  hive-bees  and  humble-bees  (589,  609). 


Ord.  ERICACEJS. 

Tribe  Arhuteoc, 

Arciostaphylos  Uva-ursi,  Spr.  (ArltUus  uva-ursi,  L.). — Tlie 
flower  resembles  that  of  Erica  tetralic  in  structure,  and  is  likewise 
fertilised  chiefly  by  humble-bees  (609). 


THE  FERTILLSATION  OF  FLOWERS. 


Tribe  AtidromeiUa. 

Spigma  is  Ulramffrphic,  possessiDg  four  kinds  of  fioweis,  which 
lUffer  partly  in  the  length  of  the  style,  partly  in  the  condition  of 
the  stigma  and  anthers  (Asa  Gray,  No.  285). 


286.  EaicA  TETR.\L1X.  L. — The  pendulous,  urceolate  flower  is 
7  mm.  long,  4  mm.  wide  in  the  middle,  and  S  mm.  wide  at  the 
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mouth.  The  base  of  the  ovary  is  suirounded  by  a  dark,  glandular 
ring  which  secretes  honey.  The  style  (t)  stands  in  the  axis  of  the 
flower,  extending  to  the  mouth  of  the  corolla;  it  hears  at  the 
end  a  blackish,  moist,  sticky  stigma  (k),  which  protrudes  slightly 
from  the  mouth  of  the  flower,  so  that  an  insect,  hanging  beneath 
the  flower  and  thrusting  its  proboscis  towards  the  honey  at  the 
base,  must  bring  the  forepart  of  its  head  in  contact  with  the 
stigma  and  be  smeared  with  the  sticky  secretion.  The  eight 
anthers  lie  in  a  circle  close  around  the  style,  a  little  way  above  the 
stigma  (in  the  inverted  position  of  the  flower) ;  each  possesses  two 
long,  sharp,  divergent  processes,  which  r^ach  to  the  sides  of  the 
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corolla.  A  honey-seeking  insect,  immediately  after  touching  the 
stigma,  brings  its  proboscis  in  contact  with  some  of  these  append- 
ages, whereupon  a  shower  of  dry,  dusty  pollen  is  shed  from  the 
holes  in  the  anthers  on  to  the  forepart  of  the  insect's  head. 

In  absence  of  insects,  self-fertilisation  may  take  place,  as  part  of 
the  pollen  always  falls  upon  the  edge  of  the  stigma  and  remains 
adherent  there.     Humble-bees  are  the  chief  fertilising  agents. 
This  species  was  described  by  Dr.  Ogle  in  No.  633. 

A.  Hymenoptera — Apida :  (1)  Bombus  senilis,  Sm.  ?  $  (J  (14 — 15)  ;  (2) 
B.  silvarum,  L.  ?  ?  (10—14)  ;  (3)  B.  agrorum,  F.  ?  ?  (10—15);  (4)  B. 
Rajellus,  111.  9  {^^ — H) ;  (5)  B.  teirestris,  L.  ?  (7—9),  all  very  ab.,  hanging 
to  the  corolla  back  downwards  ;  (6)  Nomada  Solidaginis,  Pz.  (J ,  I  saw  this 
insect  once,  apparently  trying  in  vain  to  reach  the  honey  ;  (7)  Apis  mellifica, 
L.  5 ,  is  scarcely  able  to  reach  the  base  of  the  flower  legitimately,  as  its 
proboscis  is  only  6  mm.  long.  It  is  a  very  abundant  visitor  of  Erica  tetralixy 
but  usually  bites  through  the  corolla,  about  midway.  On  Oct.  15,  1871, 
I  saw  numerous  honey-bees  sucking  normally.  I  omitted  to  observe  whether 
these  late  flowers  were  a  little  smaller  than  those  of  summer  ;  if  so  they  would 
exactly  suit  the  honey-bee.  B.  Diptera — Syrphida :  (8)  Volucella  bombylans, 
L.  (7 — 8),  ab.,  s.  ;  (9)  V.  plumata,  L.  freq.,  s.  ;  (10)  V.  haemarrhoidalis,  Zett., 
scarce,  s.     C.  Lepidoptera — Noctuce :  (11)  PI usia  gamma,  L.,  s. 

Urica  cinerea,  L.,  the  fine-leaved  heath,  agrees  in  the  structure 
of  its  flower  with  £.  tctralix,  according  to  Dr.  Ogle  (633). 

JSrica  camea,  L. — This  species  is  adapted  by  the  colour  and 
size  of  its  flowers  to  butterflies,  which  alone  {e.g,  V.  cardui)  visit 
it  in  abundance,  and  eflfect  cross-fertilisation.  The  sepals  and 
petals  vary  from  bright  pink  to  crimson,  and  the  peduncles  are 
still  more  intensely  coloured.  The  flower  narrows  so  much  towards 
its  mouth  that  the  entrance  is  blocked  by  the  anthers,  and  just 
admits  the  thin  proboscis  of  a  butterfly,  which  cannot  avoid  touching 
first  the  stigma  and  then  the  anthers,  and  so  performing  cross- 
fertilisation.  I  have  seen  Bombus  (errestris  making  great  but 
ineffectual  efforts  to  insert  its  proboscis  into  the  flower.  The 
inverted  position  of  the  flower  is  somewhat  inconvenient  for  butter- 
flies, and  causes  them  delay.  We  may  suppose  that  the  ancestors 
of  JSrica  carnea  grew  where  bees  were  more  plentiful  and  butter- 
flies less  so,  and  that  the  flowers  were  first  adapted  for  bees, 
as  almost  all  other  inverted,  bell-shaped  flowers  are ;  and  that 
they  acquired  their  present  colour  and  form  under  the  influence 
of  Lepidoptera,  which  preponderate  so  conspicuously  in  the  Alps 
(609). 

287.  Calluna  vulgaris,  L. — The  bell-shaped  corolla  is  2  to 
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3  mm.  long,  and  cleft  into  four  lobes  tu  uh&t  its  base.     Honey 
is  secreted  by  eight  blackish   glands  in   the  base  of  the  flower, 

alternating  with   tbe  stamena,  and  is  easily  accessible  to  abort- 
lipped  insects.     What  the  plaut  loses  in  attractiveness  by  the  small 
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(B.  P,  a,  LcBi,  June  l  ^  H,  J,  BeTKiin.  June  2,  1679). 

Mill.    Three  of  the  eight  stifnot* 
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size  of  its  corolla,  it  makes  up  by  the  red  colour  and  lur^  s 
of  the  sepals,  and  by  aaaociation  of  the  flowers  in  long,  almost 
uniutcrrtipted  groups.      CaUiina  rulgaris  is  visited  by  at  least  as 
mnny  insects  as  Krwi   lelroliar,  iiud  by  a  greater  variety  owing  to 
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the  accessible  position  of  the  honey.  While  in  the  flowera  of  £rica 
tetralix,  which  hang  vertically,  great  regularity  prevails  in  the 
arrangement  of  the  parts,  the  style  occupying  the  axis  of  the 
flower,  and  the  anthera  forming  acircle  symmetrically  round  it  with 
their  orifices  directed  downwards,  in  the  flowers  of  Calluna,  which 
are  almost  horizontal,  insects  are  liable  to  be  dusted  with  pollen 
from  above,  as  the  style  and  stamens  curve  upwards  and  permit  the 
insect  to  reach  the  honey  only  by  way  of  the  lower  half  of  the 
flower. 

The  larger  bees,  such  as  hive-bees  and  humble-bees,  clinging 
with  forelegs  and  midlegs  to  the  outer  side  of  the  flower,  weigh 
it  down  into  the  vertical  position  ;  then,  hanging  on  below,  they 
suck  the  honey  and  dust  themselves  with  pollen,  which  would  be 
sprinkled  on  them  just  as  well  and  just  in  the  same  manner  if  the 


style  and  stamens  were  central  as  in  E.  Ulralix.  But  the  smaller 
bees  and  flies  thrust  head  or  proboscis  from  the  front  into  the 
flower,  and  the  upward  curvature  of  the  style  and  stamens  causes 
the  insect  to  enter  by  the  lower  half  of  the  flower,  and  so  to  get 
dusted  with  pollen  from  above. 

As  the  bud  opens,  the  anthers  dehisce,  and  their  appendages, 
which  are  set  with  squarrose  hairs,  diverge  so  far  outwards  that 
they  cannot  fail  to  be  touched  by  the  proboscis  of  any  insect -visitor, 
and  then,  as  the  shock  is  communicated  to  the  anthers,  tho  [Milkii 
is  shaken  out.  The  style,  which  even  in  the  bud  ovcrtojis  tliL- 
stamens,  grows  very  markedly  after  the  flower  opens,  a.s  tlio  flowi-r 
itself  does  (cf.  1  and  2,  Fig.  12-*).  Asa  nilo,  it  attains  its  full  lon<;tli 
only  after  the  anthers  have  completely  shed  their  pollen,  at  which 
time  also  the  four-lobed  stigma  reaches  its  full  dcvcUipmcnl ;  but 
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the  stigma,  even  when  the  flower  first  opens,  is  capable  of  causing 
pollen-grains  to  adhere  to  it,  and  is  not  rarely  found  dusted  with 
pollen  at  that  period.  Thus  cross-fertilisation  is  insured  rather 
by  the  position  of  the  stigma  in  advance  of  the  anthers  than, 
as  Severin  Axell  supposes,  by  proterandrous  dichogamy.  Self- 
fertilisation  does  not  occur. 

A.  Hymenoptera — (a)  Apida :  (1)  Apis  mellifica,  L.  9 »  very  ab.,  sacking 
only  ;  (2)  Bombus  terrestris,  L.  ?  9  (J ,  s.  (as  late  as  Oct.  14) ;  (3)  Diphysis 
serratulse,  Pz.  ? ,  s.  ;  (4)  Saropoda  bimaculata,  Pz.  ? ,  s.,  with  pollen  of 
Calluna  among  its  collecting-hairs  ;  (5)  Andrena  ful\icxai8,  K.  $ ,  s. ;  (6)  A. 
fuscipes,  K.  9  (J ,  s. ;  (7)  A.  dorsata,  K.  ? ;  <8)  A.  parvula,  K.  ?  ;  (9)  A. 
simillima,  Sm.  ?  i ,  the  last  three  s.  and  c.p. ;  (6)  Vespidce :  (10)  Vespa 
holsatica,  F.  9,8.  B.  Diptera — SyrphidoB:  (11)  Chrysotoxum  octomaculatiun, 
Curt  ;  (12)  Melithreptus  scriptus,  L.  ;  (13)  Syritta  pipiens,  L. ;  (14)  Seri- 
comyia  borealis,  Fallen  (Thuringia) ;  (15)  Cheilosia  scutellatA,  Fallen ;  (16) 
Syrphus  sp.,  all  sucking.  C.  Thysanoptera — (17)  Numerous  species  of  Thrips. 
See  also  No.  590,  in. 

Treviranus'  general  assertion  (742)  that  Ericaceae  fertilise  them- 
selves before  the  flower  opens  needs  no  further  contradiction  after 
the  foregoing  examples. 

Tribe  RJiodorecR, 

Loisekuria  (Azalea)  prociiiribens,  L. — While  the  higher  passes  of 
the  Alps  are  still  covered  with  snow  under  the  hot  June  sun,  the 
projecting  hillocks  are  carpeted  with  the  red  or  crimson  flowers  of 
Loiseleuria.  Numerous  flies,  humble-bees,  and  Lepidoptera  fly 
from  one  tuft  to  another  over  the  snow  in  search  of  honey,  and  as  the 
flowers  are  proterogynous,  cross-fertilisation  takes  place  regularly 

(609).^ 

Kalmia. — The  striking  peculiarity  of  this  genus, — viz.  that 
the  anthers  are  held  fast  in  pouches  of  the  corolla,  until  an  insect- 
visitor  touches  the  elastic,  outwardly-bent  filaments,  setting  them 
free  and  letting  them  return  to  their  erect  position, — was  described 
in  the  case  of  K,  latifolia,  L.,  {K.polifolia,  Wngnham.j  by  Sprengel, 
but  was  explained  by  him  as  a  contrivance  for  self-fertilisation. 
Dr.  Hasskarl  seems  even  to  suppose  that  this  beautiful  mechanism 
simply  serves  fur  spontaneous  self-fertilisation  ;  for  he  says  nothing 
about  the  action  of  insects,  and  declares  that  the  stamens  release 
themselves  spontaneously  and  eflfect  self- fertilisation  (313). 

^  In  Die  Alpenblumen  the  figure  of  this  flower  has  been  accidentally  assigned  to 
Empet/rum  nigrum  (fig.  67). 
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Delpino  and  Hildebrand  on  the  contrary,  point  out  rightly  that 
the  floral  mechanism  of  Kcdmia  leads  to  cross- fertilisation  in  case 
of  insect-visita ;  they  both  maintain,  in  opposition  to  Hasskarl,  that 
in  K.  lati/olia  the  anthers  cannot  spontaneously  release  themselves 
from  their  pouches.  According  to  Delpino,  the  filaments  are  sticky 
at  the  base  in  this  species,  so  that  they  cling  to  an  insect  which 
has  inserted  its  head  into  the  flower,  and  are  pulled  up  by  it  when 
it  leaves  (178,  360). 

The  fertilisation  of  A",  angustifdia  and  K.  lalifolia  by  the  hive-bee 
and  other  Hymenoptera,  had  been  observed  and  described  two  yeaj« 


,r^ 
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before  by  Professor  W.  J.  Eeal.  The  insect  alights  on  the  style,  and 
turning  round  upon  it,  applies  its  proboscis  successively  to  the 
outer  sides  of  the  filaments  to  obtain  the  honey  which  is  secreted 
there  abundantly.  In  doing  so,  it  sets  free  the  stamens  with  its 
legs,  and  generally  receives  the  charge  of  pollen  upon  its  boily. 
If  insects  are  excluded  from  the  plant  by  means  of  a  net,  the 
flowers  wither  and  fall   off  without  the  stamens  being  set  free. 


THE  rxKHLmiXios  or  yuywiaa. 
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tbe  latter  ii  still  slightly  overtiiipped  and  almost  tonched  by  the 
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L  in  contaGt  with  tbe  pollen.  Whether  such  self-fertiltsation  is  eSecdre 

■  anknown  (609}. 

B/uxttxUjtdroa  Bhedora,  Don.  [Rkodora  ea»adrnsU,   L) — The 
'  6oraI  mechanism  is  described  1>y  Hildc-braod  (367}. 

Tribe  Pipviea. 

Pyroltt  nniflorn,  L.,  aod  P,  rotundi/oiia,  L. — These  species  are 
probably  cross-fertilised  by  sbort-lippe<l  insects,  which  maj'  be  seen 
applying  their  mouths  to  tbe  nioist  stigma  and  the  orifices  of  the 
anthers.  I  have  directly  observed  cross-fertilisation  performed  in 
this  way  in  the  case  of  Pi/rola  miitor,  L.  {No.  609.  figs.  1+9, 150). 

Eugene  Warming  found  flowers  of  different  fonns  and  size*  on 
P.  viinoT.  He  observed  a  plentiful  secretion  of  bouey  in  the  case 
of  P.  seninda  (762), 

Ord.  BPACRIDE^. 
Efxirri* — Delpino  found  one  species  to  be  proterogyuous  C'?^)- 


Obd.  PLf'hlBAGlNE£. 

Some  Brazilian  species  of  Plum}-aiio  and  Stniv^  are  dimorphic, 
according  to  Fritz  Miiller  (550). 

Armeria.,  according  to  Treviranus,  is  self-fertilising.  As  the 
anthers  dehisce,  the  filaments  curve  inwards,  bringing  the  anthers 
immediately  above  tbe  depressed  centre  of  the  stigma  on  which 
they  shed  their  pollen  (742). 
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Obd.  PRIMULACE^. 

m 

The  species  of  Primula  have  been  the  subject  of  a  series  of 
interesting  researches  since  Darwin  first  led  the  way.  In  his  paper 
"  Onihe  two  forms  or  dimorphic  condition  in  the  species  of  Friinula, 
and  on  their  remarkable  sexual  relations*'  (No.  154),  he  showed 
that  in  P.  veris  the  stigma  in  the  long-styled  form  possesses  papillae 
three  times  as  long  as  those  of  the  short-styled  form  ;  and  that  the 
pollen-grains  of  the  long  stamens  are  half  as  large  again  as  those 
of  the  short ;  that  the  same  holds  good  of  P.  Auricula  and  P,  sinensis ; 
that  these  Primulas  are  very  unproductive  in  absence  of  insects/ 
but  fully  productive  when  artificially  fertilised  or  when  insects 
have  access  to  them ;  and  that  in  artificial  fertilisation  legitimate  ^ 
crossings  gave  a  yield  half  as  great  again  as  illegitimate. 

HUdebrand  repeated  Darwin's  experiments  on  P.  sinensis,  and 
obtained  almost  identical  results.  He  performed  the  additional 
experiment  of  fertilising  flowers  of  each  kind  with  their  own  pollen, 
and  found  that  this  was  the  least  productive  of  all  ways.  Also 
Hildebrand  sowed  the  seeds  which  resulted  from  the  various  modes 
of  fertilisation,  and  showed  that  the  union  of  two  long-styled 
flowers  produced  mainly  long-styled  plants,  and  the  union  of  two 
short-styled  flowers  produced  mainly  short-styled  plants ;  while 
legitimate  crossing  of  the  two  kinds  of  flowers  produced  oflFspring 
consisting  of  both  forms  in  tolerably  equal  numbers  (No.  340, 
1864). 

Treviranus  had  already  (No.  742,  1863),  added  P.  farinosa,  P. 
villosa,  and  P.  minima  to  Darwin's  Hst  of  dimorphic  species.  Mr. 
John  Scott  (No.  692,  1864)  enumerated  altogether  thirty-six 
species  of  Primula  as  dimorphic,  and  six  as  homomorphic,  and 
showed  that  P.  mollis  was  homomorphic  and  regularly  self-fertilised, 
P.  scotica  homomorphic,  but  rarely  self-fertilised,  though  fruit- 
ful to  its  own  pollen,  P.  vcrticiUata  homomorphic,  and  usually 
unproductive  when  fertilised  with  its  own  pollen. 

Axell  figures  the  homomorphic  and  proterandrous  flowers  <>f 
P.  striata,  and  states  that  they  fertilise  themselves  (17). 

Ricca  describes  P.  longiflirra,  AH.,  as  homomorphic  and  protiM- 

*  Darwin  found  that,  in  alwence  of  insects,  the  long-styled  fonn  of  P.  sinrnfth 
was  twenty-four  times  as  productive  as  the  short-styled.     Hildebrand  found  l>oth 
absolutely  barren. 
•  •  i.e.  the  fertilisation  of  either  form  with  pollen  from  the  other  form. 
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androus,  the  style  being  long  and  exserted,  and  the  anthers  standing 
in  the  mouth  of  the  long  tube  (665). 

Darwin  compared  the  productiveness  of  legitimate  and  illegi- 
timate crossings  in  Primula  verts,  P.  elutior,  Jacq.,  P.  vulgaris,  P, 
sinensis ;  Hildebrand  in  P.  sinensis  and  P,  Auricula ;  Scott  in  P. 
sikkimensis,  P.  cortusioides,  P.  involucrata,  and  P.farinosa  (167). 

According  to  Darwin,  the  common  Oxlip  is  a  natural  hybrid 
between  the  primrose  and  cowslip,  while  the  Bardfield  Oxlip 
(P.  elatior,  Jacq.)  is  a  good  (heterostyled)  species  (161,  167). 

288.  Primula  elatior,  Jacq. — Honey  is  secreted  by  the  base 
of  the  ovary.  In  the  short-styled  flowers  the  tube  is  15  to  17  mm. 
long,  and  begins  to  widen  at  a  height  of  12  to  13  mm. ;  the  stigma 
stands  in  the  middle  of  the  tube  and  the  anthers  in  the  wide 
entrance.  In  the  long-styled  form  the  tube  is  12  to  14  mm.  long, 
and  begins  to  widen  out  at  a  height  of  4  to  5  mm. ;  in  the  middle 
of  the  tube,  at  the  base  of  the  expanded  portion  stand  the 
anthers,  and  the  stigma  stands  at  or  a  little  above  the  mouth  of 
the  tube.  Humble-bees  can  insert  their  heads  (5  mm.  long) 
wholly  into  the  tube,  and  so  require  a  proboscis  at  least  12  mm. 
long  to  extract  the  honey  from  the  longest  flowers,  and  one  at 
least  7  mm.  long  to  do  so  in  the  shortest.  As  in  PulmonaHa, 
the  bee,  if  it  gains  the  honey  in  the  ordinary  manner  and  not  by 
biting  a  hole  through  the  tube,  must  touch  the  organs  which 
stand  in  the  mouth  of  the  flower  with  its  head,  and  those  in  the 
middle  of  the  tube  with  its  maxillae;  and  so,  passing  from  flower  to 
flower,  it  effects  legitimate  cross-fertilisation.  Pollen-collecting  bees 
are  only  able  to  secure  their  pollen  in  the  short-styled  flowers; 
they  learn  to  recognise  the  long-styled  plants  at  a  distance  and 
to  avoid  them,  and  then  never  perform  cross-fertilisation  but  very 
often  self-fertilisation. 

Visitors  :  A.  Hymcnoptera — Ap'idcp. :  (1)  Bombiia  hortorum,  L.  9  5  (18 — 21), 
Ruckinj;:  normally,  s.  and  c.p.,veryab.  ;  (2)  B.  silvarum,  L.  9  (12 — 14),  sucking 
normally  ;  (3)  B.  lapidariuB,  L.  9  (12 — 14),  do.  ;  (4)  B.  confusus,  Schenck,  J 
(12 — 14),  do.  ;  (5)  B.  terrcstris,  L.  (7— r9),  makes  a  hole  in  the  corolla-tube,  a 
little  above  the  calyx,  sometimes  biting  it  with  its  mandibles,  sometimes 
piercing  it  with  its  maxilla;,  and  so  reaching  the  honey  with  its  tongue  (I  have 
sometimes  seen  this  bee,  before  boring  the  flower,  make  several  attempts  to 
reach  the  honey  in  the  legitimate  way, — this  observation  is  of  interest,  as 
proving  that  the  bee  is  not  guided  by  instinct  to  the  plant  adapted  for  it,  but 
that  it  makes  experiments,  and  gets  its  honey  where  and  how  it  can) ;  (6)  Osmia 
rufa,  L.  (J  (7 — 8)  ;  (7)  Apis  mellifica,  L.  $ ,  I  saw  both  of  these  species 
thrust  their  tongues  into  several  flowers,  and  then  abandon  the  plant  ;   (ft) 
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Anthophora  pilipes,  F.  y  (J  (19— 21),  ancking  nonnalljanil  c,p.,  veiy  ali.  ;  (9) 
Andrena  Gnynara,  K.  ?  (21),  c.p.  on  the  Bliort-styled  form,  ab.  It  holih  tlie 
•nthere  in  the  mouth  of  the  flower  with  its  forefeet,  bites  the  pollen  loose  with 
its  msnrliblea  and  sweeps  it  with  the  tar^l  brushes  of  tlic  midlegs  into  the 
collecting-hairB  of  the  hindlegs.  It  visila  the  lonn-stjled  form  also,  hut  flies 
Bwajr  immediutely  ;  not,  however,  without  perTorming  cross-fertiliEation  in  the 
momentarj  vieit.  I  have  never  seen  a  pollen-coll ectiog  humble-bee  alight  on 
B  loDg-stjled  flower  ;  it  seems  to  recognise  them  at  some  distance  and  to  avoid 
them.  B.  DiYiteia—BombyMie :  (10)  Bombyliua  discolor,  Mgn.  (n--13), 
i.,  ab,  i  (II)  B.  major,  L.  (10),  much  leias  freq.,  probably  in  most  cases  unable 
to  reach  the  honey.  C.  Coleaftem—BtaphyUnidai :  (IS)  Onitklium  florale,  Pk., 
ab.,  creeping  nhout  in  the  flowers.    Spe  alao  No.  590,  iii. 


jL— SlKirt-*tTl«d,  B.— LoDg.itTled  nlunt  (nut. 
"     ■""-•-"'-'>•     'mTBJityltdflDwerlQ.i 
I  iliorl-ityled  flower. 


Primula  officinalis,  Jacq.  {P.  veris,  L.),  the  Cowslip, — The 
structure  of  the  flower  resembles  that  of  P.  elatior ;  tha  visitors 
include  humble-bees  and  AntJutpkora  pilipes  (509,  III.), 

The  handsome  red  Alpine  species,  Primula  integrifolia,  L., 
villota,  3s.c(\.,  farinosa,  L.,  viscosa.  All.,  minima,  L.,  loTigifiora,  All., 

c  p 
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•M  all  adspted  for  Iie|Mdo|iten  b;  tfai^coloaraad  br  the  nurowi^ 
\  tfftfceBPVtliarthehibe. 

AH  tlww  ^eoes.  witK  ihe  exceptiotiof  P.XoNjrijfsrw.aielietao- 
irkd  (609). 
Rimuta  farimam    oecan  botli  on   the  Alps  and    m  North 
I  QeniMity,  sod  ptobaUy  owes  this  wide  diatrilntioo  to  the  nOd 
I'diaiate  socceedmg  the  CHactal  period.    Od  the  Alp^  where  it  is 
Lvinted  hf  Lepiiloptefa  in  great  Dumbers  (I  have  noted  fix^r-eight 
'  m),  the  entnnce  of  the  flower  is  dbdnctlj  nairower  than  ia 
Rortb  GennaDy,  where  Lepidoptera  are  less  i^entilid  and  iriiere 
the  pIsDt  hjw  prohablj  ti>  depend  on  the  Tt^ts  of  bees  (609). 

Primuia  longijtora  ia  bomosty lie,  and  adapted  by  its  tang  nanow 

tube  for  Lejridoptera.     The  tube  is  1 1>  to  24  mm.  long,  and  the 

bonej  is.  therefore,  accessible  only  to  Maerogloim  stellaJarum  (25  to 

[  18)  atid  to  Dei/ejAiia  euphorbia  (23  mm.)  among  all  the  Alpine 

Lepidoptera. 

289.  HOTTOSIA   PALrsTRls,  L. — The   flowers  are    dimorphic. 
Honey  is  secreted  by  the  ovary.     In  both  kinds  of  flowers,  the  tube 


I  — liong-iilTliirt  BiniBr. 

B— Short-«t]fl«t  iowtr 
t.-lUitimnoUiiIwplJlic, 


is  4  to  5  mm.  long,  the  orgaiiB  of  one  ses  standing  in  its  entrance 

ami  ttioge  of  the  other  projecting  3  to  4  mm.  beyond.     In  the 

damp  Btato  the  pollen-grains  of  the  long-styled  form  (which  in 

^legitimate  rroasirif,'  (mve  to  traverse  a  style  4  to  5  mm.  long)  are 

"tenilea  'Oil  to  '014  mm.  in  diameter;  those  of  the  short-styled 
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(which  in  legitimate  fertilisation  traverse  a  style  7  to  9  mm. 
long)  are  spherules  *018  to  '023  mm.  in  diameter. 

The  stigma  in  the  loDg-styled  form,  which  has  to  receive  the 

pollen-grains,  may  be  seen  with  a  simple  lens  to  be  rough 

J4^  velvety ;  its  papillse  are  very  much  larger  than  those  on  the 

[ina  in  the  short-styled  form,  which  appears  fairly  smooth  under 

.lens  (of.  Fig.  127,  1,  2). 

'.    Insects  in  sucking  the  honey  touch  organs  of  equal  height  with 
le  same  parts   of  their  bodies,  and  so  effect  legitimate  cross- 
Fertilisation  regularly.     Pollen-seeking   insects    have  no  need  to 
P*'dmst  their  heads  into  the  flower  in  the  short-styled  form,  and 
l^^lienoe  do  not  come  in  contact  with  its  stigma  ;  they  come  in  contact 
P^^th  the  stigma  in  long-styled  flowers,  into  which  they  have  to 
r^'ibrast  their  heads  to  reach  the  pollen.     In  visiting  several  long- 
^lijrled  flowers    consecutively  they  must  as   a   rule    bring   about 
)fr  illegitimate  crossing.     Probably  the  much  greater  productiveness 
of  illegitimate  crossings  in  the  case  of  long-styled  than  in  short- 
Btyled  flowers  (vide  next  table)  is  due  to  the  fact  that  the  former 
kind  of  illegitimate  crossings  occur  frequently  in  nature  while  the 
latter  do  not,  and  that  the  former  alone,  therefore,  are  of  use  in 
reproducing  the  plant. 

Yiflitors :  A.  Hymenoptera — Sphegidie :  (1)  Pompilus  viaticuB,  L.,  s., 
tlimstiiig  its  head  into  the  tube.  B.  Diptera — {a)  Empida; :  (2)  Empis  livida, 
L. ;  (3)  E.  leucoptera,  Mgn. ;  (4)  E.  pennipes,  L.,  all  three  ab.,  s. ;  {b) 
Sjfrphtdas :  (5)  Eristalis  arbustonun,  L. ;  (6)  E.  nemorum,  L.,  both  freq.,  s.  or 
f,p. ;  (7)  Rhingia  rostrata,  L.,  s.,  ab.  Five  additional  visitors  (Diptera)  are 
ennmerated  in  No.  590,  in. 

Sprengel  was  aware  of  the  dimorpliisni  of  this  plant,  and 
■nspected  that  it  had  some  unknown  purpose.  Hottonia  palnstris 
occurs  with  cleistogamic  flowers  (167). 

Mr.  John  Scott  performed  on  Hottonia  palustris  the  same 
experiments  that  Darwin  had  first  instituted  on  Primula,  and 
^Atained  likewise  the  result  that  legitimate  or  heteromorphic 
eronngs  are  the  most  productive  (692). 

In  the  summer  of  1867,  I  repeated  Scott's  experiments  on 
^^flpedmens  which  I  kept  in  a  large  vessel  of  water  in  my  rooin,  with 
^  tike  following  results  : — 


c  (•  2 
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form  ^which  in  l-e^-.iiiii:*!:  :rr.il:?ii::  -  :r..-izrj«r  ^»  >n*t  7  :v^  i^  lum 
long)  are  spLerulrrS  -.IS  :•:  -.io  i_-.  ii.  I:.ui.t:-:r 

T 
largei 
and 
stigmj 
a  lens  (cf.  Fig.  liiT.  1.  -  . 

Insects  in  s'ickiii-  :':_t  Lii-ev  t-.u.'l  irjsjif  ::  e:-il  L-eL;':.:  '«■:*• 
the  same  pans  -::  '.'l-it  :r»::^f.  ;.i:  s:  -ir-:  leji'.ini-iTv  ir.?- 
fertilisation  rer^i'.'irlv.  Pl'^L-s^^kiiu  ::_5r-:*.5  Lave  i;:-  iiTvi  : 
thrust  their  Lca'i?  :l:-:  :Lr  £;~'rr  :i.  ••.r  ^i-.n-iTTl-e-d  fL-ni:.  aii- 
hence  do  not  coii.r  in  0:1.:^;:  -^r.L  ::=•  s::^-::.^  :  iLev  conie  ii:  viiiTac 
with  f  ■    *  '  •  .  :  '      ^        - 

thrust 
styled 

illegitimate  cr.:»5?ii:g.  Pr: bi tij  iLe  il'i:1.  tTr&Ter  jir.iiu'.iivrii^? 
of  illegitimate  CT':rr5:Li:.^  in  Tij-r  c-^?.^  •:■:'  loi.j--TT',-r'i  iLaii  ir  >':z  r: 
styled  flowers  vide  next  table  ir  r^e  :.  tLe  l&c^  tL&t  ili'i  f 'ruj-- 
kind  of  ille;ritimate  cto»?:i-;j5  orcur  !re..u*ri-'::T  ii:  na'iLre  vi.iie  in 
latter  do  not.  aL-i  tLn:  tie  former  &i  iie  i li-r-.-vi jre  ue  jf  u^^  :i 
reproducing  the  vIat.t. 

Vipitors  :    A.    H ynj-.  1.  : ■:-.•  o  —  .'■, '/■'. ;•  ■?  "  •-<::.■,•....•    *  ^a: . .- ■ . .     '_  . 

Ihruatin j;  it.-?  h i-ik'l  : :.:    iL ^  :  •.  >:     r    1  •  •.  i;<^ : ..      ;     /, «  y . '.  »*      :.   JL : ;  :  - 
L. ;    (3)    E.    leii'.'jTirn;.   M^  :    -,     v     ;.-•:■.:■.-;.     .',      ,;.      :::!-.    t. 
Syrphi(l(F:   '5.    Er>-.i.l:T  tr • -_  -  r. il    1       '     >,   i.-i..  •    ;.     '.,      .'  :.    :.- 
f.p. ;  (7)  Rhixipa  i:.*-.rtt-.fc.  L..  r..  i.-.      >  ■-  i.\..:'.. -:,u 
^nnmerated  iii  y-.-.  y/:,.  ::: 


-.'',».'■ '. 


SpreiJg^el    ua«    awar<r   'jf     •.:>*.-    '..!:*  ••••..:.-:: 

Mispectcsd  that  it  had  waiih  i;  xjk xj'  -v  i.  ^ .  •  v*  .1  -  A'  y. .  ., .  .v  y/*/-.  »>^- 
tfxxmrs  with  cleistoguiue  Ik/v^sn  '  :07 

Mr.  Jolin  Seott  miiHiMid  mi  H*j\\*i.^:  y  «.^^>    tiii 
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Although  these  observations  are  in  some  places  defective,  they 
illustrate  well  on  the  whole  Darwin's  law  that  in  heterostyled 
plants  legitimate  crossings  are  the  most  fruitful. 

Also  the  preceding  table  showa  clearly  that  self-fertilisation 
and  the  crossing  of  flowers  on  the  same  plant  are  much  less 
productive  even  than  illegitimate  crossings  of  flowers  on  different 
plants.  And  of  very  special  interest  is  the  fact,  bronght  out  by  my 
experiments,  that  in  Huttonia  paluslrts  illegitimate  crossing  between 
different  plants  of  the  long-styled  form  is  just  as  productive  as  the 
legitimate  crossings  are.' 

I  have  shown  above  that  this  kind  of  illegitimate  crossing  is  to 
a  great  extent  performed  by  pollen -feeding  flies.  If  we  suppose 
that  the  superior  effect  of  legitimate  crossing  in  other  dimorphic 
and  trimorphic  plants  results  from  their  being  esclusivcly  or  almost 
exclusively  fertilised  legitimately  in  a  state  of  nature,  and  that 
other  ways  of  fertilisation  from  long  disuse  may  and  do  become 

'  Thia  rogalt  is  Brrived  at  by  comparin^f  IJ  and  26  in  the  foregniug  tablu  ;  if,  on 
tho  other  hsad.  us  Darwin  rightly  innsts  (No.  1G7,  chap,  i.),  ve  add  the  number  of 
weds  from  all  the  capsales  produpi'd  hy  the  two  ni'ides  of  fertUiaation,  we  obtun  M 
mean  number  in  the  fone-atyled  cftpaiiles.  after  legitimate  frrtilisation,  91-*. 
illegitiniate,  77'!i  or  in  tna  proi      '    " 


IB  proportion  ol 
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inoperative,  we  can  easily  comprehend  how  in  Hottonia  pcUustris 
application  of  pollen  from  a  long-styled  flower  to  a  long-styled 
stigma  on  another  plant  has  retained  its  full  eflSciency.^ 

Androsace  Vitaliana,  K.S.,  is  dimorphic  (Treviranus,  No.  742 ; 
Darwin,  No.  167). 

The  Alpine  species  of  Androsace  {A,  septentrionaliSy  L.,  A. 
Chamtxjasme,  Host.,  A,  obtvsifolia,  All.,  etc.)  are  homogamic,  and 
visited  chiefly  by  Diptera,  but  to  some  extent  by  Lepidoptera  and 
small  bees ;  in  absence  of  insects  they  are  self-fertilised  (No.  609, 
figs.  140, 141). 

Species  of  Coriusa  fertilise  themselves,  according  to  Treviranup, 
by  the  style  bending  back  towards  the  anthers  (742). 

Dianysia,  Fenzl.,  is  dimorphic  according  to  Kuhn  (399). 

The  Alpine  species  of  Soldaiiella  are  adapted  for  bees  by  the 
pendulous  or  inclined  bell-shaped  flower,  the  lilac  or  violet  colour, 
the  position  of  the  anthers  close  around  the  style,  and  the  more 
or  less  complete  protection  of  the  honey  from  small  insects  by 
means  of  the  anthers  and  appendages  of  the  corolla  (609,-  figs. 
146-148). 

290.  Lysimachia  vulgams,  L. — The  following  varieties  of 
this  plant  occur  near  Lippstadt:  (a)  on  sunny  embankments,  a 
conspicuous  form  which  is  never  or  only  rarely  self-fertilised  ;  (h)  in 
shady  hollows,  a  less  conspicuous  form  which  fertilises  itself 
regularly ;  (c)  transition  forms  in  spots  intermediate  in  character, 
e.g.  on  the  banks  of  ditches  exposed  to  the  sun.  In  the  form  (a) 
the  petals  are  dark-yellow,  red  at  the  base,  recurved,  expanding 
widely,  about  12  mm.  long  and  6  mm.  broad  on  an  average,  and 
the  filaments  are  red  near  the  end;  the  style  projects  several 
millimetres  •  beyond  the  tallest  anthers,  so  that  in  case  of  insect- 
visits,  cross-fertilisation  takes  place  regularly,  but  in  absence  of 
insects,  self-fertilisation  cannot  easily  occur.  In  (h)  the  petals  are 
light-yellow  and  of  one  colour  throughout,  10  mm.  long  and  5  mm. 
broad  on  an  average,  not  spreading  out  so  widely,  but  for  the  most 
part  diverging  obliquely  upwards ;  the  filaments  are  greenish -yellow ; 
the  style  is  of  the  same  length  as  the  two  inferior  and  longer 
stamens,  so  that  in  absence  of  insects  self-fertilisation  always 
occurs,    (c)  The  intermediate  forms  difler  from  (h)  either  (1)  by  the 

*  This  reasoning,  however,  is  directly  opposed  to  other  cases,  such  as  tliat  of 
JAnum  grandiflorumt  in  which  the  long-styled  form  is  quite  unproductive  with 
]>ollen  from  another  long-styled  flower,  although  from  the  position  of  tlie  anthers  it 
\A  regularly  conveyed  to  the  stigma  (No.  167,  chap.  vi.). 
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red  uoluur  of  tiie  filametiU,  or  (2;  by  tLe  larger  sue  of  tb«  petals, 
or  (3)  io  both  characters  together,  or  in  addition  (4)  b;^  a  slight 
red  cxilouriog  in  the  base  of  the  corolla,  or  still  farther  (5)  by  a 
slight  extension  of  the  style  beyood  the  longer  stamens.  All  saeb 
intermediate  stages  between  the  extreme  forms  occur  in  the  same 
I  ](K3lities,  and  not  unfrequently  even  on  the  same  plant. 

Tliese  forms  of  Li/nniachiavttlgaru  form  another  illustntton 
of  the  law,  exemplified  in  so  many  previous  cases,  that  while  it  is 
of  advantage  to  the  plant  when  sure  of  insect-visits  to  be  capable 
of  cross-fertilisation  only,  it  is  above  all  important  that,  where 
insect-visits  are  rare,  the  plant  shall  be  capable  of  reproducing 
itself  by  self-fertilisation. 

I  have  not  discovered  honey  in  any  of  the  forms  of  this  plant. 
The  flowers  are  visited  regularly  and  persistently  by  pollen- seeking 
insects,  and  sometimes  by  honey-seeking  insects  which  fly  away 
after  a  few  vain  attempts  to  find  honey. 

A.  HyraenopKra — (a)  ApiAr:  (1)  Uacropis  labiato,  Pi.  $({,rallier  ab., 
especially  tbe  female*!  on  the  Rinshine. loving  form  of  the  plant.  I  found  the 
temalw  u  a  rule  only  on  ftowen  off  thin  plaDt,  diligently  sweeping  the  flowers 
and  piling  luge  iniwHes  of  moutened  pollen  on  tlieir  kind  legM.  1  sm  ctill 
nnsble  to  decide  where  tliey  got  the  nuUarial  to  tnoblen  the  pollen  with.  I 
«honld  rappoge  that  they  bored  into  the  succulent  tissue  of  the  flower,  were  it 
not  that  the  mandibles  are  blunt  and  fringed  at  Uie  end  :  perhnps  the  sltarp 
point*  at  the  end  of  tlie  ehort  blunt  tongue  do  this  work,  which  usually  belontp 
to  the  mandibles.  (2)  Halictiia  znnulua,  3m.  ^,  warce  ;  (3)  Andrena denticn- 
hOa,  K,  j,Karce:  (6)  Vetpldir :  (4)  Odynerus  parietnm,  L.  ?,  waree  (the last 
three  had  obvioualy  visited  the  flower  in  the  vain  hope  of  honey).  B.  Diptera 
— ^/rphida :  (5)  Syritla  pipiens,  L.,  f.p.  on  Ihe  self- fertilised  shade-loving 
form  ;  (6)  Syrphns  balleatus,  Deg.,  f.p. 

Li/nmac/iia  nummularia,  L.,  is  almost  always  sterile  (Darwin, 
No.  158),  perliaps  because  all  the  examples  in  the  same  neighbour- 
hood come  from  the  same  stock  (cf.  Eug.  Wanning,  No.  762). 

Lysimachia  ikynijlora,  L.,  is  proterogynous  (762). 

Centunculus  minimiis,  L.,  is  regtilarly  self-fertilised,  according 
to  Ascherson  (10) ;  it  could  hardly  be  otherwise,  to  judge  from  the 
inconspicuousness  of  the  flowers, 

ATtagaUis  areeitsis,  L.,  and  A.  aerulea,  Schreb. — Delpino 
is  of  opinion  that  A.  oBriitea  and  arvefisis  were  originally 
two  forms  of  a  single  dimorphic  species,  which  became  in- 
dependent ("divorzio  di  due  forme  reunite  originariamente  sovra 
una  pianta,  dimorpha;"  No.  172,  p.  4.5);  but  as  yet  this  view  is 
without  proof. 
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The  flowers  of  both  species  are  adapted  for  insects  in  a  simple 
and  effective  way,  so  that  cross-fertilisation  in  case  of  insect-visits 
and  self-fertilisation  in  absence  of  insects  are  equally  well  insured. 
During  the  sunniest  hours  of  the  day,  from  about  9  A.M.  to  3  P.M., 
the  petals  (scarlet  in  A,  arvensis,  blue  in  A.  coerulea),  which  cohere 
only  by  a  ring  at  the  base,  spread  out  almost  to  a  vertical  plane, 
which  has  a  diameter  of  10  to  12  mm.  in  A.  arvensis  and  rather 
less  in^.  ccervlea;  the  five  stamens  protrude  from  the  centre  of  the 
flower,  and  the  style  projects  between  the  stamens  and  curves 
downwards,  so  that  an  insect  alighting  on  the  lower  part  of  the 
corolla  and  going  towards  the  anthers  comes  first  in  contact  with 
the  stigma.     Stigma  and  anthers  ripen  simultaneously ;  the  pollen. 


.tf : 


Fio.  128. 

i,-2. — Atvtgallia  arrfn$if^  L. 

1.— Fully  expanded. 
2— Half  closed. 

8,  4. — A,  eamUOf  8chrcb.» 

3.— Fully  expiuided. 
4  —In  flection,    (x  8J.) 
«(,  stigma. 


which  coats  the  anthers  all  round,  is  all  that  the  flowers  offer  to 
insect-visitors,  unless  perhaps  the  delicate  red,  jointed,  knobbed 
hairs  which  clothe  the  filaments  are  manipulated  by  flies  with  their 
labellae,  as  I  have  observed  in  the  case  of  the  hairs  upon  the 
filaments  of  Verhascum}  In  either  case  it  is  to  the  stamens  that 
insects  come,  and  if  they  alight  on  the  interior  part  of  the  flower  as 
the  most  convenient  place  for  them,  the  downward  curvature  of  the 
stigma  sufiices  to  insure  cross-fertilisation.  About  3  p.m.  tlie 
sepals  and  petals  begin  to  close  up,  so  that  the  coloured  surface 
formed  by  the  corolla  is  reduced  to  less  than  a  fourth  of  its  fomier 

*  According  to  Delpiuo,  Anagallis  and  also  Verlascuvi  are  adapted  for  pollon- 
c<dlccting  bees,  which  cling  to  the  stamina]  hairs ;  hut  as  to  Anagallis  direct 
observation  is  yet  wanting  (No.  178,  ii.  p.  29G). 
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size  (cf.  Fig.  128, 1  and  2).  The  plant,  therefore,  no  longer  attracts 
insects,  but  by  the  closure  of  the  flower  the  stigma  is  drawn 
inwards  and  brought  in  contact  with  the  three  inferior  anthers ;  so 
that  self-fertilisation  results,  unless  insects  have  been  attracted 
during  the  warm  hours  of  the  day  and  have  removed  the  pollen 
from  the  anthers,  at  the  same  time  cross-fertilising  the  stigma. 

I  have  not  yet  observed  insects  visiting  either  species. 

Trientalis  europcca,  L.,  is  proterogynous  and  devoid  of  honey 
(590,  III.). 

Ord.  EBENACEJE. 

Biospyros  virginiana,  L.,  according  to  Asa  Gray,  is  probably 
androdioecious  (167,  2nd  ed.). 

Obd.  OLEACEjE. 

Species  of  Jasminum  are  self-fertilised,  according  to  Treviranus 
(742),  the  style  curving  back  towards  the  anthers.  Kuhn  mentions 
Jasfininum  as  containing  dimorphic  species  (399). 

FoTsythia  is  heterostyled  (Darwin,  No.  167),  but  not  invariably 
so  (590,  III.). 

291.  Syringa  vulgaris,  L. — Honey  is  secreted  by  the  ovary, 
and  occupies  2  to  4  mm.  of  the  tube,  which  is  8  to  10  mm.  long  ; 


Fio.  129.— Syringa  vulgar i$,  L. 

1.— Flower,  from  the  side,  after  removal  of  half  the  corolla. 

2. — Ditto,  from  above. 

8.— Mouth  of  the  flower,  immediately  after  its  expansion. 

4.— Ditto,  somewhat  later. 

s,  sepal ;  p,  petal ;  Jl,  filament ;  a,  anther ;  po,  pollen ;  ov,  ovary  ;  tf,  stigma. 


it  is  sheltered  from  rain  by  the  two  stamens,  which  to  a  great 
extent  fill  up  the  mouth  of  the  tube,  and  the  length  of  the  tube 
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protects  it  from  short-lipped  insects :  it  is  all  the  more  diligently 
sought  therefore  by  insects  whose  proboscis  is  sufficiently  long. 
An  insect  in  inserting  its  proboscis  brings  it  in  contact  first  with 
the  anthers,  which  stand  in  the  mouth  of  the  tube,  and  then  with 
the  stigma,  which  is  lower  down  :  stigma  and  anthers  arc  matured 
simultaneously.  If  a  smooth,  dry  needle  be  thrust  into  the  flower, 
it  may  readily  be  seen  that  as  it  enters  no  pollen  sticks  to  it,  and 
as  it  is  withdrawn  pollen  only  adheres  to  it  for  2  to  4  mm.  at  the 
end,  where  it  is  moist  with  honey.  The  same  thing  doubtless 
takes  place  in  the  case  of  honey-sucking  insects,  which  must 
therefore  perform  cross-fertilisation  regularly ;  while  pollen-feeding 
insects  can  scarcely  ever  effect  cross-fertilisation,  but  must  often 
cause  the  loosened  pollen  to  fall  upon  the  stigma  and  lead  to  self- 
fertilisation.  In  absence  of  insects,  self-fertilisation  always  occurs 
ultimately. 

According  to  Batalin  (38),  there  are  two  cultivated  varieties — 
one  proterandrous,  the  other  proterogynous.  I  have  only  once 
seen  the  proterandrous  variety ;  all  the  plants  on  which  I  made  my 
observations  were  homogamic. 

Sprengel  never  observed  insects  on  this  plant. 

Visitors  :  A.  Hymenoptera — (a)  ApidcB :  (1)  Bombus  lapidarius,  L.  5  9 
(10—14),  ab.  ;  (2)  B.  terrestris,  L.  ?  ?  (7—9) ;  (3)  B.  hortonun,  L.  ?  5 
(18 — 21),  very  ab.  ;  (4)  Apis  mellifica,  L.  §  (6),  ab.  ;  all  sucking.  (To  judge 
from  the  length  of  its  proboscis,  the  honey-bee  can  obtain  only  part  of  the 
honey)  ;  (5)  Eucera  longicomis,  L.  <J  (10 — 12) ;  (6)  Anthophora  pilipes,  F. 
9  (J  (19 — 21),  ab.  ;  (7)  Osmia  rufa,  L.  ?  (7—9),  ab.,  the  three  last  sucking  ; 
(8)  Hal  ictus  albipes,  F.  9  ;  (6)  VeBpida :  (9)  Odynerus  sp.  ;  the  two  last  seek 
in  vain  for  honey.  B.  Diptera — (a)  Bomhyltdm :  (10)  Bombylius  major,  L. 
(10),  8. ;  (6)  Syrphida  :  (11)  Rhingia  rostrata,  L.  (11 — 12),  very  ab.,  s.  and  f.p.  ; 
(12)  Xylota  segnis,  L.,  f.p.,  after  seeking  in  vain  for  honey  ;  (13)  Syritta 
pipiens,  L.  (3),  f.p.  ;  (14)  Eristalis  sepulcralis,  L.,  f.p.  ;  (15)  £.  arbustorum,  L. 
(4 — 5),  f.p.  C.  Lepicloptera — (a)  Bhopalocera :  (16)  Papilio  Machaon,  L.  (18) 
(17)  P.  Podalirius,  L. ;  both  ab.  (Stromberg)  ;  (18)  Vanessa  urticae,  L.  (12),  ab. 
(19)  Pieris  cardamines,  L.  (11)  ;  (20)  P.  brassicae,  L.  (15) ;  (21)  P.  napi,  L. 
(22)  P.  rapsB,  L. ;  all  three  ab.  ;  (6)  Sphinges :  (23)  Macroglossa  fuciformis,  L., 
freq.  (Stromberg)  ;  (24)  M.  stellatarum,  L.,  do. 

Syringa  persica,  L.,  is  gynomonoecious  (605). 

292.  LiGUSTRUM  VULOARE,  L. — Honey  is  secreted  by  the  ovary, 
and  lies  at  the  base  of  the  tube,  which  is  scarcely  3  mm.  long 
and  expands  above  into  a  four-lobed,  rarely  five-lobed,  limb.  The 
more  or  less  distinctly  bilobed  stigma  is  situated  at  the  mouth  of 
the  tube.     The  two   (rarely  three)  stamens  arc  matured  simul- 
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taneonsly  with  the  stigma,  aod  pmject  from  tbe  txAe ;  the  i 

dehiace   laterallr,  but  ao  widely,  tluu  tbe  wbole  of  their  i 

Ckces  are  covered  willi  poDeo.     The  two  snthen  staDd  somel 

wide  apwt  (^.  130,  4),  at  tjtbo'  times  they  bend  inwsrds  aver 

the  ttigaa  (1,  2)  ;  in  the  former  case,  an  inseet's  proboscis  in 

eBteiing   tbe  flower  fint  toacbes  with  one  side  an  anther,  aoJ 

iauoediately  afterwards  the  etigma  with  tbe  opposite  side,  and  Kt 

,  jiBiiBing  &Dm  flower  to  flower  leads  to  cross- fertilisatioa ;  in  the 

[  hUer  case  self-fertilisation  and  crosB-fertilisatioD  may  result  id- 

'  differeotlj.     losect-ri^ta  are  veiy  scarce  by  day ;  perhaps  the 


1, 1.— n«iran,  KED  tnn  tki  itfa,  illw  lewml  of  kalf  Oc  eanlU  <  x  I}). 

white,  sweet-scented  flowers  attract  nocturnal  Lepidoptera  in 
greater  numbers.  Flowers  whose  anthers  are  inclined  innards 
above  tbe  stigma  always  fertilise  themselves  in  absence  of  insect& 

A.  Ujmmopten—Ajnda  :  (1)  Hensda  truncornm,  L.,  ■.  (Jnne  27, 1869). 
B.  THfAenSi/rphuia ;  (i)  Eristalis  nemorum,  L.,  a.  [June  H,  1866).  A  filillier 
lut  of  vintora  (roar  l>««llea,  two  flies,  two  heet,  seven  Lepidopteta}  i*  givm  in 
Ko^  590,  ni. 

Okd.  APOCTNACEJ^. 

293.  ViNCA  MI\OR,  L. — The  structure  of  the  flower  was 
correctly  described  by  Sprengel,  but  incorrectly  explained,  ^ce 
he  overlooked  here,  as  elsewhere,  the  advantage  of  cross-fertilisa- 
tion. Sprengel  hat!  found  Thrips,  but  no  other  insect,  in  the 
flower,  and  he  supposed  that  in  creeping  in  and  out  of  the  flower 
it  transferred  pollen  to  the  stigma  of  the  same  flower,  and  that  in 
this  way  alone  fertilisation  was  efl^ected. 

Darwin  (153)  gave  the  first  correct  account  of  the  mechan- 
ism of  Vinea,  for  he  recognised  that  a  long  thin  proboscis  in 
passing  into  the  flower  gets  smeared  with  adhesive  matter,  and 
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in  being  drawn  out  carries  with  it  pollen,  which  in  the  next 
flower  is  left  attached  to  the  stigmatic  edge  of  the  disk  which 
terminates  the  style.  And  in  the  case  of  Vinca  major,  which 
Darwin  had  never  seen  visited  by  insects  in  England  nor  bearing 
fruit,  he  obtained  good  seed  by  repeatedly  passing  a  fine  bristle 
down  among  the  stamens  in  six  flowers  on  two  plants,  and  thus 
efl'ecting  both  cross-  and  self-fertilisation.  Another  English  ob- 
server (i22A)  was  led  by  Darwin's  account  to  perform  the  same 
experiment  on  Vinca  rosea,  L. ;  he  obtained  good  seed,  though  he 
had  before  found  the  plant  always  unproductive.  A  third  English 
observer  (636A)  maintained  that  he  had  got  good  seed  from 
Vinca  rosea  when  left  to  itself.     But  Darwin  showed  that  this  last 


Fio.  131.— Finca  mt«or,  L. 

Flower,  after  removal  of  the  anterior  part  of  tlie  corolla. 

a,  ovary ;  bb,  two  yellow  honey-glands  at  the  base  of  the  ovary ;  e,  atyle;  d,  point  where  the 
fllamenta  separate  firom  the  corolla,  marked  externally  by  depressions;  d/e,  fluunent  with  its 
inward  bend ;  e,  /,  anther,  dehiscing  introrsely ;  g^  thickening  of  the  style ;  k,  disk-shaped  end  of 
the  style,  suirounded  with  viscid  matter  and  fonctioning  as  a  stigma  on  two  sides  of  its  lower 
edge ;  k,  hairs  upon  the  stigma-disk  which  receive  the  pollen  as  it  issues  fh>m  the  anthers. 


result  was  faulty,  as  the  plant  stood  in  a  greenhouse  with  open 
windows,  by  which  moths  might  enter  (153,  p.  831). 

Delpino,  unaware  of  these  observations,  gave  later  a  full 
account,  agreeing  with  Darwin's,  of  the  mechanism  of  the  flower 
of  Vinca ;  his  description  was  taken  from  V,  rosea,  in  which  the 
lower  border  of  the  stigmatic  disk  extends  downwards  in  the  form 
of  an  inverted  cup  (173,  pp.  15-17).  Hildebrand  afterwards  gave 
figures  of  the  flowers,  which  illustrated  Delpino's  account  (352). 

None  of  the  foregoing  observers  seem  to  have  seen  any  insects 
except  Thrips  on  any  species  of  Vinca,  which  is  remarkable,  as 
V,  minor  in  its  season  (beginning  of  April  until  May)  is  most 
conspicuous  and  rich  in  honey,  and  in  my  experience  is  in  sunny 
weather  visited  abundantly  by  insects.  The  tube  of  the  corolL-i  is 
11  mm.  long  in  V,  minor,  but  insects  can  easily  insert  their  heads 
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into  the  upper  part  until  the  way  is  barred  immediately  above  the 
anthers  by  hairs  ;  the  two  yellow  nectaries  lying  beside  the  ovary 
are  distant  only  8  mm.  from  this  point. 

Visitors:  A.  Hymenoptera — Apida:  (1)  Bombus  hortorum,  L.  ?  (21); 
(2)  B.  lapidarius,  L.  ?  (12—14) ;  (3)  B.  agrorum,  F.  ?  (12—15) ;  all  three 
very  ab.  (4)  B.  terrestris,  L.  9  (7 — 9),  lessab. ;  (5)  B.  vestalis,  Fourc.  ?  (12), 
scarce  ;  (6)  Anthophora  pilipes,  F.  9  (J  (19 — 21),  very  ab. ;  (7)  Osmia  rufa, 
L  i  (7—8).  B.  Diptera— jBow6y/ufo! ;  (8)  Bombylius  major,  L.  (10) ;  (9)  B. 
discolor,  Mik.  (11 — 12),  very  ab.,  the  latter  species  (April  18,  1869)  as  early  as 
7.45  A.M.  All  the  visitors  sucking  normally.  C.  Thysanoptera — (10)  Thrips, 
ab.     See  also  No.  590,  in. 

294.  ViNCA  MAJOR,  L. — I  have  once  seen  Bombus  agrorum, 
F.  9(12 — 15  mm.),  visiting  this  plant;  it  sucked  numerous  flowers, 
thrusting  its  head  completely  into  the  mouth  of  the  tube. 

Tabemceviontana  echinata,  Aubl.,  is  barren  when  fertilised  with 
pollen  of  the  same  flower  or  of  other  flowers  on  the  same  plant,  and 
is  productive  only  when  fertilised  with  pollen  from  another  plant 
(Fritz  Mliller,  No.  359). 

Apocynum  androscBmifolmm^  L.,  is  fertilised  by  butterflies,  and 
cements  its  pollen  to  the  insect's  tongue  (Ludwig,  No.  432). 

Apocynum  hyperidfolium,  Ait.,  has  the  same  arrangement 
(Ludwig,  No.  443). 

Nerium  Oleander,  L.,  and  N,  odorum,  Ait,  are  adapted  for  long- 
tongued  Lepidoptera  (443). 

In  Rhynchodia  {Rhynchospet'mum)  jasminoideB,  according  to 
Hildebrand,  as  in  Vinca,  the  insect's  proboscis  is  smeared  with 
adhesive  matter  as  it  enters,  and  cemented  to  the  pollen  as  it  is 
withdrawn  (No.  356,  p.  509). 


Ord.  ASCLEPIADE^. 

295.  AsCLEPlAS  CoRNUTi,  Dec.  {A,  syriaca,  L.). — The  Asclepia- 
decB  rival  the  Orchids,  if  not  in  the  variety  of  their  forms,  at  least 
in  their  complexity  and  in  their  perfect  adaptation  to  insect-visit- 
ors. Hildebrand  has  so  thoroughly  described  the  way  in  which  A, 
Comuti  is  fertilised  by  insects  (347),  that  I  have  scarcely  any- 
thing new  to  add  to  his  description ;  yet  it  may  be  well  that  I 
should  illustrate  the  complex  mechanism  by  figures,  and  catalogue 
the  insects  that  effect  fertilisation. 

The  two  ovaries  (q,  14)  are  surrounded  by  a  fleshy  column 
(w,  14,  2,  3,  4)  and  covered  by  a  thick,  fleshy  disk   {p,    14),  and 
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they  are  only  capable  of  fecundatioii  at  five  stigmatic  spots  close 
beneath  the  lower  border  of  the  disk  (o,  14, 4).  The  coluinn,  which 
really  coDsists  of  the  united  stamiiial  filaments,  bears  at  its  upper 
end  five  anthers.  The  anthers  lie  close  around  the  stigma-disk  ; 
each  of  them  lodges  two  flattened  pollen-masses  (i,  4,  9,  10, 11)  in 
two  pouches  (k,  6),  which  are  open  internally,  and  are  indicated 
externally  by  slight  swellings  {d,  d,  3,  4,  5).  A  thin  membranous 
process  of  the  anther  (c,  5, 14)  rests  upon  the  top  of  the  atigma-diak, 
and  on  each  side  the  anther  is  produced  into  a  triangular  mem- 
branous expansion  (ala  or  anther-wing)  (c,  3,  5,  14),  which  stands 
out  perpendicular  to  the  column  close  to  tbe  corresponding  process 
of  the  adjacent  anther.  Between  the  two  adjacent  processes 
of  each  pair  of  anthers,  there  is  left  only  a  very  narrow  slit  which 
is  distinctly  wider  at  its  lower  end  (/,  3,  4).  The  slit  leads  into  an 
elongated  space  which  we  may  call  the  stigmatic  chamber  (t>,  4, 14) ; 
for  about  the  middle  of  its  vortical  height  the  stigma  is  exposed. 
At  the  upper  end  of  the  slit,  visible  from  the  outside,  is  a  bright, 
black  body  {corpuseidum)  of  regular  shape  (j,  1  to  14),  which  is 
seen  on  closer  examination  to  be  a  thin,  hard,  homy  lamina.  Its 
sides  are  bent  forward  for  its  whole  length  so  that  their  edges  lie 
close  together,  and  in  the  middle  of  its  lower  border  is  a  wedge- 
shaped  slit.  To  this  corpusculum  the  two  adjacent  polhnia  of  two 
neighbouring  anthers  are  attached  by  bands  {retinacula)'^  which 
lie  hidden  beneath  the  anthers  (A,  4,  9,  13). 

The  upper  end  of  the  column  carries,  besides  the  five  anthers, 
five  hollow,  fleshy,  foliar  organs  (cuciil.!i),  which  secrete  a  large 
quantity  of  honey;  they  stand  opposite  to  the  anthers, and  from 
each  an  incurved  pointed  process  proceeds,  the  upper  extremity  of 
which  rests  upon  the  top  of  the  stigma-disk,  and  lying  on  the 
superior  membranous  process  of  the  anthere  (r)  keeps  the  whole 
firmly  in  place, 

This  singular  apparatus  acts  in  the  following  way  ; — 
Insects  (bees,  wasps,  flies)  which  creep  about  the  umbels  in 
search  of  honey,  attracted  by  the  sweet  scent  of  the  flowers,  slip 
uiwn  the  smooth  pai'ta  of  the  flower  until  a  foot  enters  the  wide 
inferior  part  of  a  slit,  in  which  at  last  it  gets  a  firm  hold.  When 
the  insect  tries  to  draw  its  foot  out  in  order  to  proceed  further, 
the  diverging  claws  are  caught  by  the  apposed  edges  of  the  anther- 
wings,  and  guided  upwards  in  the  slit,  so  that  one  or  other  of  the 
two  claws  is  brought  without  fail  into  the  notch  in  tbe  lower 
border  of  the  corpusculum  and  there  held  fast.  If  the  insect  now 
'  These  slruetnrea  arc  not  in  an}-  sense  homolognua  witli  the  rcHiuimla  ofOrchiila, 
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draws  its  foot  forcibly  out,  it  brings  with  it  the  corpusculum  {g)  and 
the  two  pollinia  (t)  attached  to  it  by  their  retinacula  (A).  The 
pollinia  stand  wide  apart  when  they  are  extracted  (9) ;  but  the 
retinacula  twist  inwards  as  they  dry  (cf.  9,  10,  11)  bringing  the 
pollinia  so  close  together  that  they  may  easily  be  introduced  into 
another  slit.  As  the  insect  moves  on  over  the  umbel,  its  foot  bearing 
the  pollinia  slips  into  the  lower  part  of  a  slit  of  another  flower ;  and 
this  time  as  the  leg  is  drawn  up  the  pollinia  are  left  in  the  stig- 
matic  chamber  opposite  to  the  stigma,  since  the  slit  is  too  narrow  to 
admit  of  their  further  passage  upwards  ;  and  the  insect,  freeing  its 
foot  by  a  violent  pull  snaps  the  retinacula  and  so  extricates  itself. 
The  pollinia  are  left  behind  in  the  stigmatic  chamber,  while  the 
corpusculum  and  its  broken  retinacula  are  carried  oflF  still  firmly 
attached  to  the  insect's  foot.  The  insect  continues  its  visits,  and 
the  retinacula  attached  to  its  feet  now  get  fixed  in  corpuscula  as 
the  claws  did  before,  and  an  insect's  foot  after  repeated  visits  may 
sometimes  be  seen  bearing  many  corpuscula  with  their  retinacula, 
often  dichotomously  arranged. 

Delpino  saw  A,  Comuti  in  Florence  fertilised  in  the  manner 
which  I  have  described  by  Scolia  horiorum,  S.  bicincta,  Apis  mellifica, 
and  Bombus  italicus  (172,  352). 

I  have  observed  many  bees,  wasps,  ants,  and  flies,  on  the  flowers 
of  A,  Comuti  in  Thuringia.  Dr.  Hildebrand  sent  me  a  still  larger 
number  of  insects  with  corpuscula  on  their  claws,  which  he  had 
caught  on  this  plant  at  Freiburg  in  the  first  hot  days  of  July, 
1870. 

The  following  list  comprises  the  insects  observed  by  Delpino, 
Hildebrand,  and  myself: — 

(Fl.  =  Florence,  Delpino ;  F.  =  Freiburg,  HUdehrand ;  Th.  = 
Thuringia,  H,  Milller ;  !  =  with  corpuscula  on  their  claws). 

A.  Hymenoptera— (a)  Apida:  (1)  Apis  mellifica,  L.  §!  (FL,  Th.)  ;  (2) 
BombuB  italicus,  L.  !  (Fl.) ;  (3)  B.  terrestris,  L.  9  cJ  J  (F.)  ;  (4)  B.  hypnorum, 
L.  9  !  (F.)  ;  (5)  Halictus  Scabiosse,  III.  ?  !  (F.) ;  (6)  H.  cylindricus,  F.  ^  !  (F.) ; 
(7)  H.  quadricinctns,  F.  ?  !  (F.)  ;  (8)  Several  small  species  of  Halictus  (Th.), 
which  I  never  saw  caught  in  the  slits  ;  (9)  Cwlioxys  sp.  9  (J  !  (F.)  ;  (10) 
Stelis  aterrima,  Pz.  9  I  (F.) ;  (A)  Sphegid(e :  (1 1)  Scolia  hortorum,  L.  !  (Fl.)  ; 
(12)  Sc.  bicincta  !  (Fl.)  ;  (13)  Sc.  quadripunctata,  F.  9  I  (F.) ;  (14)  Ainnio- 
phila  sabulosa,  L.  9  '  (F.)  ;  (15)  Psammophila  aflinis,  K.  9  J  (F.)  ;  {r)  Vfxpifhr  : 

(16)  Polistes  gallica,  L.  9  !  (F,  Th.),  and  var.  diadema  !  (Th.)  ;  (d)  Fonuic'uhr  : 

(17)  Various  species  (Tli.);  they  got  caught  in  the  slits  and  were  not  able  to  set 
tliemselves  free.  I  have  never  seen  an  ant  tear  its  leg  off  in  order  to  escape.  B. 
Diptera— (a)  Syrphida :  (18)  Eristalis  tenax,L.  !  (F.,Th.)  ;  (19)  E.  arbnstorum, 
L. !  (Th.) ;  (20)  E.  nemorum,  L. !  (Tli.)  ;  (21)  Melithreptus  scriptus,  L.  (Th.)  ; 
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(22)  •  M.  tseniatus,  Mgn.  (Th.) ;  both  of  these  obtained  the  honey  withoat 
getting  caught  in  the  slits,  {h)  Muscidce :  (23)  Ocjptera  brassicaria,  F.  (F.) ; 
(24)  Lucilia  (Th.)  In  several  flowers  which  I  dissected,  the  corposcula  and 
pollen  masses  were  still  in  their  places,  though  pollinia,  which  must  have 
come  from  other  flowers,  had  been  inserted  into  the  stigmatic  chambers. 

The  following  additional  list  is  taken  from  my  Weitere 
Beohacktungen,  ill.  p.  61.  The  insects  were  for  the  most  part 
observed  in  my  garden  in  July. 

A,  Diptera — Empidas :  Empis  livida,  L.,  s.  I  B.  Hymenoptera — Apida : 
Bombus  muscorom,  L.  (B.  agrorum,  F.)  (J ,  s.  !  ab.,  Wiirzburg  ;  Ccslioxys 
conoidea.  111.,  $  (^  !  ab.  C.  Lepidoptera — Noctuida :  Hypena  proboscidalis 
L.,  8.,  not  extracting  the  pollinia;  Plusia  gamma,  L.,  do.,  in  the  evening; 
Sphingidce :  Sesia  formiciformis,  Esp.  (J  {teste  Speyer),  do.  D.  Neuroptera ; 
Panorpa  communis,  L.,  s.  and  extracting  the  pollinia. 

Asclepiaa  curassavica,  L.,  according  to  Fritz  Miiller's  observations 
in  South  Brazil,  is  sometimes  visited  by  wasps,  but  infinitely  more 
frequently  by  a  great  variety  of  butterflies,  on  whose  legs  the 
corpuscula  and  pollinia  of  this  plant  may  often  be  found.     One 


Fia.  1S8. 
Butterfly's  foot,  bearing  eleyen  corpuscula  (Ir)  and  eight  pollinia  (mI)  of  A»c1epia»  eurasaaviea^  L. 

butterfly,  like  a  Vanessa,  bore  on  one  leg  no  less  than  eleven  cor- 
puscula of  this  Asclepias.  Eight  only  of  the  twenty-two  pollinia 
remained,  the  others  had  been  employed  in  the  fertilisation  of 
other  flowers. 

Asclepias  tenuifolia  (?)  was  seen  by  Hildebrand  to  be  fertilised 
by  a  cabbage- white  butterfly  (361). 

Gomphocarpus  {Asclepias)  fruticosa,  R.  Br. — The  structure  of 
the  flower  and  the  way  in  which  insects  visit  it  have  been  described 
by  Sprengel  (No.  702,  pp.  139-150) :  he  fell  into  the  error  of 
considering  the  upper  surface  of  the  stigma-disk  to  be  the  stigma. 

Araujia  cdhens,  Brot.  (Physianthiis,  Mart.),  is  fertilised  by 
humble-bees,  to  whose  tongues  the  corpuscula  become  attached. 
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Vincetoxicuin  officinale,  L.,  is  fertilised  by  the  proboscides  of  small 
flies,  Stapelia  hirsuta,  L.,  and  S.  grandiflora,  Mass.,  by  Miisca 
vamitoria  and  Sarcophaga  camaria,  which  are  attracted  by  the 
putrid  odour  of  the  flowers.  As  a  rule,  in  those  Asclepiadeae  in 
which  fertiUsation  is  effected  by  an  insect's  proboscis  {Araujia, 
Cynanchum,  Vincetoxicum,  Stapelia,  Bcmcerosia),  the  five  nectaries 
alternate  with  the  stamens  ;  in  those  in  which  fertilisation  is 
effected  by  the  legs  of  insects  (Asclepias,  Gomphocarpus,  Centra- 
gtemma,  Hoy  a),  the  reverse  holds ;  in  Stephanotis,  which  is  fertilised 
by  the  proboscides  of  nocturnal  Lepidoptera,  the  base  of  the  tube 
of  the  corolla  forms  a  large  honey-receptacle  (172,  352). 

In  Ceropejia  elegans,  WalL,  the  flower  forms  a  temporary  prison 
for  its  visitors,  very  much  like  that  of  Aristolochia  Clematitis,  L. 
Small  flies  {Gymnopa  opam)  creep  through  the  tube  of  the  flower, 
which  is  at  first  erect,  into  the  expanded  portion  which  surrounds 
the  reproductive  organs ;  in  this  expanded  portion,  or  cage,  whose 
entrance  is  surrounded  by  stiff  hairs  pointing  inwards,  they  are 
imprisoned  for  a  whole  day.  On  the  second  day  these  hairs  wither, 
the  flower  bends  over,  the  flies  creep  out  with  the  poUinia  attached 
to  their  proboscides,  and  seek  new  flowers,  in  whose  cages  they 
introduce  the  pollinia  into  the  slits  leading  to  the  stigma,  and  get 
new  pollinia  attached  to  their  proboscides  (178,  360). 

Cynanchiim  Vincetoooicum,  R.  Br. — The  flower  agrees  in  most 
points  with  that  of  Asclepias  Comtiti, 

The  dirty-white  flowers  of  Cynanchum,  devoid  of  the  pleasant 
perfume  of  Asclepias,  are  adapted  for  fertilisation  by  carrion-loving 
flies,  which  convey  the  exceedingly  minute  pollinia,  not  with  their 
claws,  but  with  the  bristles  on  their  proboscides.  Further,  while 
in  Asclepias  Comuti  the  foliar  appendages  of  the  anthers  form  five 
fleshy  cups  filled  with  honey  alternating  with  the  corpuscula,  here 
the  same  appendages  of  the  anthers  form  high  vaulted  fleshy  bodies 
coherent  into  a  ring;  and  alternating  with  them  are  five  deep 
nectariferous  pits  immediately  below  the  five  corpuscula.  Into 
these  pits,  insects  thrust  their  proboscides,  to  suck  the  nectar. 
When  Mxiscidoc  (in  which  the  proboscis  is  set  with  erect  bristles) 
do  this,  it  is  almost  inevitable  that  when  the  proboscis  is  being 
drawn  back,  one  or  other  of  its  bristles  gets  caught  in  the  slit, 
which  is  placed  over  the  nectary  and  is  wider  below  than  above  ; 
after  entering  the  slit,  it  glides  upwards  between  the  lateral  antlior- 
wings  of  the  two  neighbouring  anthers,  straight  into  the  inferior 
wedge-shaped  notch  of  the  corpusculum,  and  is  there  held  fast. 
When  the  fly  now  gives  a  slight  pull  backwards  in  order  to  free 
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papular  inoer  siuCkoes  are  exposed  to  contact  with  the  bee.  So  if 
be«9  nsh  the  flower,  croe-fertiliaaticHi  seems  to  be  instoed ;  id 
absence  of  inaects,  aelf-fertilisatioa  secsns  to  be  leiulered  tmpoesible 
by  the  weU-nukrked  proteraiMlrj',  and  bj  the  portion  of  the  aathera 
in  regard  to  the  ripe  stigmas.  I  bare  oalj  noticed  humble-bees 
ndttDg  the  plant:  viz,  (I)  Bombns  agrwum,  F.  5  (12— I5J ;  (2)  B. 
Miulis,  Sm.  9  (14 — 15),  both  verf  beqaent,  sacking  honey  only. 

Gentiana  dliala,  L.,  is  proteraDdroos,  and  adapted  for  htimbte- 
beea.  Honey  ia  secreted  by  yellow  fleshy  areas  of  the  base  of  the 
COToUa  between  each  pair  of  stamens  (No.  609,  fig.  132). 

GetUtana  bararUa,  L.,  and  G.  rtma,  L.,  are  adapted  for  ciDa»- 
fertilisation  by  LepidoptenL  Tbe  most  important  visitor  seems  to 
be  Maerofflaua  atdhtantm  (No.  570,  vol.  xv. ;  Na  609,  fig.  131). 

O.  niraiit,  L. — ^Tbe  flower  resembles  the  two  preceding  species 
in  strocture,  bat  is  less  conspicuoos  and  less  visited  by  insects ;  in'^ 
case  of  need  it  fertilises  itself  (570,  609). 

297.  Gestiana  AX-UtEiXA,  L. — Honey  is  secreted  by  five 
green  fleshy  spots  at  the  base  of  the  con>Ila,  alternating  with  the 
stamens ;  it  is  sheltered  from  rain  by  the  closing  of  the  flower  dtu^ 
ing  dull  weather,  and  is  protected  from  flies  by  long,  erect  hairs 
developed  on  the  interior  of  the  c(»vlla  at  the  junction  of  its  tube 
and  limb.  The  plant  grows  among  grass,  and  accordingly  the 
lobes  of  tbe  erect  corolla  spread  out  to  be  mainly  conspicuous  froiD 
above. 

The  tube  is  16  to  18  mm.  long,  but  as  it  is  6  mm.  wide  at  the 
mouth  a  humble-bee  can  iusert  the  whole  of  its  head  and  reach 
the  honey  with  a  proboscis  10  to  12  mm.  long,  "Unlike  G.  Pmu- 
mtmanthe,  the  floweis  are  homogamou.<t.  When  the  flower  opens 
the  anthers  dehisce,  after  turning  their  dehiscent  sides,  which  in  the 
young  bud  were  turned  outwards,  upwards  so  as  to  be  touched  the 
more  certainly  by  the  bee's  head.  The  two  terminal  lobes  of  the 
s^le  are  already  expanded  and  provided  with  stigmatic  papillsi 
In  case  of  insect-visits,  self-fertilisation  is  not  impossible;  but 
since  the  stigma  stands  above  the  anthers,  the  insect  as  a  rule 
comes  in  contact  with  it  first,  and  eSects  cross-fertilisation.  After 
the  poUeu  is  shed  the  anthers  again  come  to  lie  in  a  line  with  the 
filaments  and  place  themselves  close  round  the  style.  I  have  not 
observed  whether  self- fertilisation  occurs  in  absence  of  insects.  I 
have  seen  Bomims  nharum,  L.  9  (12 — 14),  visiting  the  plao^ 
and  sucking  numerous  flowers  (Sept.  30,  1S69). 

Gentiana  Uiulln,  Rottb.  {G.  g!acUUis,  Thom.),  G.  ruma,  Wulf, 
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6.  campestrk,  L,,  And  ff.  dblimfolia,  Willd.,  are  adapted  for  fertili- 
aation  by  humble-bees  and  Lepidoptera  in  the  same  way  as 
G.   Amarella,    h.    (No.    570,   vol.   xv. ;  No.   609,  figs.   133-135). 


BUture,  Uis  utli. 


l>o!lfn(x  7).    (Muduleln 


K.— Upper  part 
flo'i«r(xT). 
(Atbnl*.  AcEuat 


G.  dbtusifolia   is   proterandrous,  G.   tenella  and   G.  nana   homo- 
garoous,  G.  campestru  sometimes  homogamous,  sometimes  slightly 

proterogynous. 

REVIEW   OF  THE  GENUS  GENTIANA. 

A  comparison  of  the  very  numerous  Alpine  Gentians  suggests 
the  following  theory  of  their  evolution. 

The  genua  Gciiliaiia  splits  into  two  main  divisions,  in  one  of 
which  honey  is  secreted  by  the  base  of  the  ovary,  in  the  other  by 
the  base  of  the  corolla. 

We  have  an  08'shoot  of  the  first  main  division  in  G.  lutea, 
which  stands  on  a  much  lower  grade  than  the  other  species  and 
nearer  to  the  primitive  form.  The  ancestors  of  the  genus  un- 
doubtedly hail,  like  G.  lutea.,  fully  open  flowers  with  almost  free 
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ddwiedfinai  the  hawy  in  the  ink 

kii^  iaaned  bjr  the  postioa  v(  the 

the    rtjrle  (sab-geaos  Ctdamtk* 

fnuulata.  cntdata,  aadtfiaiem,  j^mw aaaaflli, 

awiJu).    Later,  as  LepidoptoaBuuie  their  taflneaeeM^t] 

bi  CaUattiu  got  loager  and  nanvm,  the  §Mb  vhidi  i 

becaine  moce  perfect,  md  the  Ulobed  sttgna  became  dereli^ieii 

into  a  diik  Amng  the  month  of  the  tube.      Tims  resalted  the 

Alpiiie  mb-gemu  Cydadigma,  adapted  far  ki^-toi^ed  Lepidop- 

leia  (qiedes  Itnariea,  vema,  lalira,  iwibriaUa, pmmiia,  M/rtc«Jom, 

mvaiit). 

In  the  second  divistoo,  hairs  on  the  coroUa  affnded  imperfect 
protection  against  nnbidden  gnest«,  and  narrowing  of  the  coroUn 
made  it  more  certain  that  both  gtigma  and  anthers  sboaM  be 
toocbed  b;  the  bee  (snb-genus  Cnmopftalttm  ;  species  cUiata,  L.). 
And  finally,  in  a  special  offshoot  of  this  division,  as  Lepiiloptera  beie 
also  came  to  have  a  decided  influence  as  cross-fertilisers,  the  fringe 
of  hairs  at  the  month  of  the  corolla  became  more  developed, 
excluding  all  visitors  except  bumble-bees  and  Lepidopteia  from  tbe 
honey,  and  the  corolla  became  so  narrow  that  Lepidoptera  as  well 
tta  humble-bees  must  perform  cross-fertilisation  in  inserting  their 
proboscides  (sub-genus  EndotrUha;  species  tampalria,  gentamea, 
Amarttla,  oblum/olia,  tenella,  nana). 

The  primitive  yellow  colour,  retained  in  G.  hitta,  was  gredtiaUj 
exchanged  for  blue  by  the  influence  of  the  humble-beea,  and 
instructive  transition-stages  in  this  process  are  preser\-ed  among 
the  species  of  Cahnlhe.^  But  after  the  blue  colour  was  once 
firmly  established  it  was  retained  throughout  the  changes  by  which 
Ctelanthe  passed  into  Ct/cloitignta  (609}. 

'  O.  pun^aia  liM  out  T  blae  tpota  on  tti«  psls-fellow  poaad  nf  the  coroll* ;  mi  in 
C  puTpurra,  tbc  milaid*  of  tbe  corolla  U  blnuL-pnrpU,  bat  the  inside  is  still  fallow. 
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298.  Erythilea  Centaurium,  L. — I,  like  Sprengel,  have 
failed  to  find  any  honey  in  this  flower,  though  I  have  seen  it 
repeatedly  visited  by  Lepidoptera,  and  though  the  spiral  twisting 
of  the  stamens  (like  the  twisting  of  the  stigma  in  several  Silenece 
fertilised  by  Lepidoptera)  seems  to  be  an  adaptation  to  insure  their 
being  touched  by  the  thin  proboscis  of  these  insects.  Probably 
the  insect  pierces  some  soft  tissue  with  the  sharp  points  at  the  tip 
of  its  proboscis. 

ViBitors  :  Lepidoptera— (a)  Sphinges :  On  July  10,  1868,  in  Thuringia,  I 
saw  Macroglossa  stellatamm,  L.,  sucking  first  on  Dianthus  Carthusianorum 
and  then  on  E,  Centaurium  ;  (b)  NoctucB :  On  Sept.  1,  1871,  at  Lippstadt,  my 
son  Hermann  saw  (2)  Plusia  gamma,  L.,  and  (3)  Agrotis  pronuba,  L.,  freq. 
sucking  persistently  on  flowers  of  this  plant.  An  additional  list,  including  five 
Lepidoptera,  three  bees,  and  one  Empis,  is  given  in  No.  590,  iii. 

Mr.  A.  S.  Wilson  found  this  plant  heterostyled  and  with 
dimorphic  pollen-grains  (780). 

Limnanthemum  (Kuhn,  No.  399)  and  Villarsia  (=Limnanthemum 
HuTriboldiianum,  Fritz  Mtiller,  No.  550)  are  dimorphic  (Darwin, 
No.  167,  p.  116). 

Menyanthes  trifoliata,  L.,  is  well  known  to  be  dimorphic.  In 
a  small  marsh  near  Lippstadt,  sometimes  flooded  by  the  Lippe, 
which  probably  brought  the  seeds,  I  have  found  the  long-styled 
form  only ;  and  I  have  never  observed  ripe  fruit  there. 

Ord.  FOLEMONIACEJE. 

CobaSra  pend^diHora  is  fertilised  by  Sphingidae  (226),  C.  scandens, 
Cav.,  by  humble-bees  (52). 

Collomia  grandijlora  (Dougl.),  Lindl.,  has  cleistogamic  flowers 
(423,  424,  685). 

299.  Phlox  paniculata,  L. — Sprengel  recognised  the  pro- 
terandrous  condition  of  this  flower,  and  found  it  to  be  visited  by 
butterflies.  I  have  seen  Conops  flavipcSy  L.,  sucking  honey,  and 
Eristalis  tenax,  L.,  very  frequently  eating  pollen  on  the  flowers. 

Polcmonivmi  cosruleum,  L.,  is  likewise  proterandrous.  Sprengel 
overlooked  the  dichogamous  condition  in  this  plant,  but  Axell  (17) 
figures  the  proterandrous  flowers.^ 

The  honey  is  secreted  in  this  species  and  in  Phlox  paniculata  by 
the  lower  fleshy  part  of  the  ovary. 

*  See  also  my  Alpenblumen,  pp.  257-259,  fig.  97,  and   JVeiterc  Beobachtungcny  11 1. 
pp.  8,  9. 


THE  FERTILISATION  OF  FLOWEEa 
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Triiviranus  supposed  that  Polcmoniace^s  fertilise  themselves 
before  the  flowers  open  (742). 

Oilia  piikhtUa,  Dougl.,  and  G.  (Leptosipkon)  micrantha,  Steud., 
are  believed  by  Darwin  {167)  to  be  heterostyled. 

Professor  Asa  Gray  considers  Phlox  suhulata,  L.,  to  be  hetero- 
styled, but  Darwin  {167)  shows  that  the  great  variability  of  the 
Btigmas  and  pollen-groins  makes  this  a  perplexing  case.  He  says, 
Possibly  this  species  was  once  heterostyled,  but  is  now  becoming 
8ub-dicecioU3,  the  short-styled  plants  having  been  rendered  more 
feminine  in  nature."     (Forms  0/  Flowen,  p.  121.) 

Obd.  B0SAGINE£. 

Tribe  Cordiece. 

Cordia,  L.,  ia  heterostyled,  but  the  stamens  are  of  almost  the 
same  length  and  the  poUen-grains  are  of  the  same  size  in  the 

flowers  of  both  forms  (Darwin,  167), 

Tribe  Boragea, 

300.  SVMPHYTDM  OFFICINALE,  L. — A  white,  annular  ridge  at 
the  base  of  the  ovary  secretes  honey,  which  is  lodged  in  the  upper 
part  of  the  inverted  corolla.  The  whole  corolla  is  14  mm,,  its 
upper  narrower  portion  8  mm.,  long.  The  long,  trihedral  invi^ina- 
tions  of  the  corolla,  which  pass  from  the  boundary  between  the 
wide  and  narrow  parts  into  the  wide  part  of  the  bell,  closing  in  the 
spaces  between  the  stamens,  were  thought  by  Spreugel  to  guard 
the  nectar  from  rain  ;  but  as  in  the  preceding  species,  this  service 
ia  performed  by  the  inverted  position  of  the  corolla.  Their  use  is 
probably  to  cause  an  insect  to  thrust  Its  proboscis  between  the 
closely  approximated  anthers,  and  not  into  the  wide  intervals  be- 
tween the  stamens.  The  sharp  teeth  which  these  appendages  of 
the  corolla  bear  aid  in  this  object ;  they  certainly  do  not  act  as 
"pathfinders,"  as  Sprengel  thought,  for  to  an  insect  inserting  its 
head  into  the  flower  from  below,  they  appear  not  bright  and 
shining,  as  Sprengel  describes  them,  but  as  dark  points,  guarding 
all  but  the  legitimate  aecess  to  the  honey.  This  view  is  confirmed 
by  a  comparison  of  the  lengths  of  the  proboscides  of  insects  which 
reach  the  honey  of  this  flower  in  the  normal  way,  and  of  those 
which  do  so  by  biting  a  hole  in  the  narrow  part  of  the  corolla.  To 
reach  the  honey  by  passing  between  the  anthers  au  insect  requires 
>  proboscis  at  least  11  mm.  long  ;  to  reach  it  by  passing  between 
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the  filaments  from  the  interior  of  the  corolla  would  require  a 
proboscis  only  8  mm.  long.  Now  I  have  found  the  following 
insects  always  sucking  normally  on  this  flower :  Rhingia  rostrata, 
L.  (11 — 12);  Bombus  ailvarum,  L.  S  9  (11 — 14);  B.  agrorum, 
F.  9  (13—15);  B.  Bajellus,  lU.  S  9  (11—13);  Anthophora 
pUipeSy  F.  ?  (20 — 21) ;  the  following,  on  the  other  hand,  only 
reach  the  honey  from  outside  by  boring  a  hole  in  the  narrow 
part  of  the  corolla :  B.  terrestris,  L.  9  (7 — 9) ;  small  workers  of 
B.  lapidarivs,  L.  (9 — 10) ;  and  B.  pratorum,  L.  9  (8  —9).  It  is 
plain  from  these  measurements  that,  had  the  path  between  the 
filaments  remained  unguarded,  the  three  last-named  insects  might 
all  have  made  use  of  it,  without  resorting  to  the  slower  process  of 
piercing  the  corolla,  and  there  can  be  no  doubt  that  they  are 
deterred  by  the  sharp  teeth  of  the  coroUine  appendages. 

The  anthers,  which,  as  in  Borago,  combine  to  form  an  inverted 
cone,  dehisce  before  the  flower  opens ;  the  pollen  remains  partly 
within  the  anthers,  partly  in  the  apex  of  the  cone,  until  a  humble- 
bee  or  Rhingia  thrusts  its  proboscis  between  the  anthers  and  lets 
the  pollen  fall  out.  Each  pollen-grain  is  002  mm.  long,  about 
0013  mm.  broad,  and  is  shaped  like  two  spheres  joiued  together 
and  flattened  at  the  junction ;  on  being  moistened  with  water,  each 
pollen-grain  swells  into  a  sphere  of  002  mm.  diameter.  The  pollen 
as  it  falls  out  resolves  itself  for  the  most  part  into  single  grains,  only 
a  few  of  which  remain  adhering  in  groups ;  a  considerable  amount 
remains  attached  to  the  anther- walls  until  the  flower  withers. 

The  stigma  ripens  as  soon  as  the  flower  opens,  and  hangs  down 
beyond  the  anther-cone ;  an  insect-visitor  therefore  touches  the 
stigma  before  it  displaces  the  anthers  and  dusts  itself  with  pollen. 

In  absence  of  insects,  self-fertilisation  probably  takes  place. 

Visitors :  A.  Hymenoptera — ApidcR :  (1)  Anthophora  pilipes,  F.  2  •  ;  (2) 
Bombus  agronim,  F.  ?  ! ;  (3)  B.  silvarum,  L.  ?  9'-;  (4)  B.  Rajellus,  111. 

2  9  ! ;  (5)  B.  terrestris,  L.  ?  ;  (6)  B.  pratorum,  L.  9  >  (7)  B.  lapidarius,  L. 

9 ,  the  last  three  gnaw  through  the  narrow  part  of  the  tube  ;  (8)  Eucera  longi- 
comis,  L.  (J,  creeps  bodily  into  the  flower  ;  (9)  Halictus  sexnotatus,  K.  2  ; 
(10)  Apis  mellifica,  L.  9  >  both  suck  through  the  holes  made  by  humble-bees. 
B.  Diptera — SyrphidcB:  (11)  Rhingia  rostrata,  L.,  s. !  Only  those  insects 
marked  with  (I)  suck  normally  and  eflfect  cross-fertilisation.  C.  Coleoptera— 
NiHdulida :  (12)  Meligethes.     See  also  No.  590,  IIL 

301.  BORAGO  OFFICINALIS,  L. — The  mechanism  of  this  flower 
was  minutely  described  by  Sprengel,  with  great  but  not  absolute 
accuracy.  Honey  is  secreted  by  the  pale-yellow,  fleshy  base  of  tlic 
ovary,  and  is  lodged  in  a  short  tube  formed  by  the  bases  of  the 
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The  pollen  in  each  anther  ripens  very  gradually  from  the  apex 
towards  the  baee,  and  hence  the  little  shower  of  pollen  may  be 
emitted  repeatedly.  The  style  only  grows  out  beyond  the  cone 
of  anthers  and  develops  its  stigma,  after  the  anthers  have  been 
emptied  of  their  pollen.  Even  after  repeated  insect-visits  a  per- 
manent displacement  of  the  anthers  cannot  take  place,  for  the 
sbfirt,  broad  form  and  fleshy  nature  of  the  filaments  {d,  2),  their 
Btiff  external  appendages  (c,  2J,'  and  the  invaginated  procwases  of 
the  corolla  that  surround  the  base  of  the  anther-cone,  insure  the 
retuni  of  each  anther  to  its  place  after  every  disturbance.  I  have 
neglected  U*  observe  whetLer  finally,  in  absence  of  insects, 
self-fertiiisation  may  take  place. 

>  Bprenpil  thought  that  IheM  appvudaKes  vtn  for  the  pnrpose  of  sh^lteiiiis  ths 
liniiej,  but  the  iuTerteil  pmition  of  tbe  liower  renders  this  mmeceaeary.  Ddpino 
(No.  17S,  pp.  172-17iJ  takes  the  view  that  I  hare  adoptwt. 
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(1)  Apis  mellifica,  L.  ^ »  very  ab.,  s.  and  c.p. ;  (2)  Bombu8  pratonim,  L.  5 , 
8.  and  c.p.  ;  (3)  Halictus  zonulas,  Sm.  ? ,  s. ;  (4)  H.  sexnotatus,  K.  5 ,  s.,  ab.  ; 
(5)  Megachile  centuncularis,  L.  (J,  s.    See  also  No.  590,  iii. 

302.  Anchusa  officinalis,  L.  (Sprengel,  PI.  in.,  10, 11, 16, 17). 
— Honey  is  secreted  by  the  green  fleshy  base  of  the  ovary  and 
accumulates  in  the  lower  part  of  the  corolla,  which  forms  a  tube 
7  mm.  long.  The  corolla  is  smooth  within,  but  its  entrance  is 
guarded  from  rain  and  from  unbidden  guests  (flies)  by  five  closely 
approximated,  hairy,  invaginated  processes.  At  its  upper  end  the 
tube  expands  into  a  limb  10  mm.  in  diameter,  at  first  concave  and 
violet  in  colour,  then  flat  and  deep-blue ;  and  further,  the  flowers, 
which  are  conspicuous  in  themselves,  are  rendered  more  so  by 
aggregation.  The  invaginated  appendages,  which  are  indicated 
on  the  outside  of  the  corolla  by  transverse  slits,  serve  by  their 
white  colour  as  honey-guides.  The  anthers,  which  dehisce  in- 
trorsely,  and  the  stigma  which  overtops  them,  are  matured  simul- 
taneously. Cross-fertilisation  is  insured,  in  case  of  insect-visits,  by 
the  position  of  the  stigma  ;  in  absence  of  insects,  self-fertilisation 
must  finally  occur,  for  the  corolla  in  falling  ofi"  brings  the  anthers 
in  contact  with  the  stigma. 

Eug.  Warming  has  found  A.  officinalis  heterostyled,  with 
transition-forms  between  the  long-  and  short-styled  flowers  (762). 

Insect-visits  are  plentiful,  and  in  fine  weather  cross-fertilisation 
always  occurs.  On  September  13,  1871,  I  observed  the  following 
insects  visiting  this  plant  on  the  Wandersleber  Schlossberg  in 
Thuringia : — 

A.  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  9  >  s.  and  c.p.,  ab. ;  (2) 
Bombus  pratorum,  L.  5 »  s.  and  c.p. ;  (3)  B.  agronira,  F.  (J  $  ;  (4)  B.  silvaruni, 
L.  (J ;  (5)  B.  lapidariufl,  L.  ^  f}  ;  (6)  B.  muscorum,  F.  9  ;  the  last  four  only 
sucking.  B.  Lepidoptera — Noctuce:  (7)  Plusia  gamma,  L.,  very  ab.,  s.  See 
also  No.  590,  III.,  and  No.  609. 

303.  Lycopsis  arvensis,  L. — The  same  parts  of  the  flower  as 
in  Anchusa  serve  to  secrete,  contain,  shelter,  and  point  out  the 
honey.  The  flowers  are  doubtless  visited  and  fertilised  in  like 
manner,  chiefly  by  bees,  and  to  some  extent  also  by  Lepidoptera. 
I  have  only  observed  (September  8,  1871,  in  Thuringia)  Hcqicria 
thaumas,  Hufn.,  once  sucking  honey  on  this  plant 

Pulmonaria  avgysti/olia,  L.  (P.  azurea,  Besser).^ — Tliis  plant  is 
dimorphic ;  and  the  two  forms  of  flowers,  besides  differences  in  tlie 
reproductive   organs,  show   an   unusual   number   of  other  minor 

*  Darwin  (No.  167)  has  taken  P.  angvsti/olia,  L.,  and  P.  azurea,  Bos«cr,  to  lie 
distinct  species. 
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there  is  in  tWm,  as  Danrin   has  showD  in  the  case  of  Primula 
$inen*i»,  a  return  to  the  homostylic  condition  (609). 

Darwin  found  the  long-styled  though  not  the  short-styled 
flowers  of  this  species  absolutely  barren  when  ille^timately  fer- 
tilifled ;  be  gives  several  reasons  for  considering  that  this  dimorphic 
plant  is  in  a  transition-stage,  tending  to  become  dicecious  (167). 

30*.  PuLMOSABiA  OFFICINALIS,  L. — TbJs  species  also  is  di- 
morphic. Honey  is  secreted  by  the  white,  basal  part  of  the  ovary, 
lodged  in  the  lower  portion  of  the  tubular  corolla,  and  sheltered 
from  rain  by  a  ring  of  hairs  placed  in  the  tube  at  the  place  where 
it  widens  out.  In  the  short-styled  flowers,  the  anthers  stand  at 
the  mouth  of  the  corolla  (whose  tube  is  10  to  12  mm.  long);  ihe 
stigma  stands  half-way  up  the  tube,  on  a  style  5  to  6  ram.  long :  in 
the  long-fityled  flowers  these  positions  are  reversed,  the  style  being 
10  miQ.  long,  and  the  anthers,  being  attached  by  very  short  fila- 
ments to  the  corolla,  5  mm.  from  the  base  of  the  flower.  Since  the 
corolla  widens  slightly  at  its  mouth,  insects  with  a  proboscis  8  mm. 
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lung  are  able  to  reach  the  honey.  Bees  touch  the  longer  reproduc- 
tive organs  with  their  heads  or  with  the  base  of  their  proboscides, 
and  the  shorter  with  the  maxillae,  which  serve  to  sheath  the  pro- 
boscis ;  thus  they  regularly  perform  '  legitimate  cross-fertilisation.' 
The  flowers  are  very  conspicuous  and  very  rich  in  honey,  and 
appear  at  a  season  when  they  have  few  rivals ;  they  are  therefore 
very  much  visited  by  insects,  and  have  become  sterile  when 
fertilised  with  their  own  pollen  or  with  pollen  from  another  flower 
of  the  same  form.  Hildebrand  (342)  found  by  experiment  that 
when  he  fertilised  a  flower  of  either  form  with  its  own  pollen,  or 
with  pollen  from  another  similar  flower,  it  was  completely  sterile  ; 
but  when  fertilised  with  pollen  from  a  flower  of  the  other  form,  it 
was  as  productive  as  in  the  wild  state.  He  found  on  investigating 
wild  plants  in  fruit,  that  in  some  cases  the  oldest  flowers  on  the 
plant,  and  almost  constantly  the  terminal  flowers  of  each  shoot,  bore 
no  seed ;  the  former  fact  he  explains  by  the  absence  of  the  proper 
insects  early  in  the  season,  the  latter  by  imperfect  nourishment  of 
the  terminal  parts  of  the  shoots. 

Darwin's  experiments  (No.  164,  p.  103)  on  this  plant  led  to  a 
result  different  from  Hildebrand's.  He  found  that  illegitimately 
fertilised  long-styled  plants  were  highly  fertile,  producing  three 
times  as  much  seed  as  Hildebrand's  wild  specimens  bore ;  and  that 
even  when  self-fertilised,  a  few  seeds  were  produced.  Hildebrand 
endeavoured  to  explain  this  great  discordance  by  the  fact  that  the 
plants  which  he  experimented  on  were  kept  in  pots  in  the  house, 
while  Darwin's  were  grown  out  of  doors. 

Visitore  :  A.  Hymenoptera — Apida :  (1)  Anthophora  pilipes,  F.  ^  ? 
(19 — 21),  very  ab.,  s.  and  c.p.,  sucking  now  on  Primula  elatior,  now  on  Cory- 
dalis^  now  on  Pulmonaria,  without  restricting  itaelf  long  to  the  same  species  ; 
(2)  Bombus  hortorum,  L.  ?  (21),  very  ab.,  s.,  and  keeping  to  the  same  species 
of  flower  ;  (3)  B.  lapidarius,  L.  ?  (12—14),  s.  ;  (4)  B.  senilis,  Sm.  ?  (14—15),  s. ; 
(5)  B.  agrorum,  F.  ?  (12—15),  ab.,  s.  ;  (6)  B.  silvarum,  L.  9  (12—14),  s. ;  (7) 
B.  Rajeilus,  111.  ?  (12—13),  s.  ;  (8)  B.  teirestris,  L.  ?  (7—9),  s. ;  (9)  B.  pra- 
torum,  L.  ?  (11 — 12),  s.,  distinctly  prefers  Pulmonaria,  leaving  the  flowers  of 
Primula  elatiar  untouched  ;  (10)  Osmia  fusca,  Christ,  (bioolor,  Schrank)  ?  ^ 
(8),  c.p.  and  s.,  ab.  This  species  feeds  itself  and  its  young  almost  entirely  on 
the  honey  and  pollen  of  Pulmonaria.  I  have  never  found  its  nests  (which 
are  made  in  snail-shells,  those  of  Helix  nemoralis  at  Lippstadt)  except  where 
Pulmonaria  was  growing  plentifully.  (11)  0.  pilicornis,  Sm.  (J  $ ,  s.  and  c.p.  I 
was  the  first  to  find  this  bee  on  the  continent  of  Europe.  I  have  found  it  ex- 
clusively on  flowers  of  Pulmonaria^  at  Rixbeck  near  Lippstadt ;  it  occurs  singly 
among  numerous  examples  of  the  foregoing  species,  with  which  it  agrees  in  the 
manner  of  tending  its  young.  (12)  0.  rufa,  L.  ^  (7 — 8),  s.  In  mr>st  of  these 
bees  I  have  directly  observed  pollen  upon  the  maxillae.     B.  Diptera — (a) 
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BombfMa :  (13^  AndieiM  QwyoanA,  E.  $ ,  cpu ;  (I*)  Antfaoplion  retoaa, 
K.  ;,  cp.  and  &:  (1&>  Halktm  crlindrica!,  F.  9,  c.p. ;  (16j  BotnbjliiB 
dwwlor,  l^n.  (11—12),  boTcn  avct  tbe  ttower  umI  tiuerU  hi  ptolMwii  wrtlt- 
ont  w**!™!;;,  ab^  bat  onlj  in  Taim  Nnukiite ;  (17)  B.  m^or,  L.  (10),  do. ; 
(A)  Sfrfkidtt :  (18)  Bbingk  roatnla,  L.  (1 1—13),  tot  aK, »,  but  anlf  bnraida 
Uweniloftbe  flowering  period  (Haf  18,1870).  C  Lepidopttn— AUpoJeenn .- 
(19J  Rbu(luOcnrkun&i.I..,ft^abL  D.  Co]eopta«~£la>kf  Kiuidbi.' (aoj  Onalinn 
flonile,  PIl,  ab.,  cie«piiig  about  in  tbe  flowen. 

303.  Myosotis  silvatica  (Hoffin.)  Lebm. — As  sood  as  tlie 
flower  opens,  the  others,  nhjcli  are  attacheil  to  the  corolla  above 
tbe  bivel  of  tbe  stigma  and  are  inclined  sUghtl;  iawanls,  d 


L 


longitudinally,  and  become  covered  on  their  inner  surfaces  with 
small,  white  pollen-grains ;  each  of  the  latter  is  shaped  like  two 
attached  spheres,  and  measures  '005  mm.  hj  '003  mm.  The  stigma 
ripens  simultaneously  with  the  anthers.  In  sunny  weather  nume- 
rous flies  frequent  the  flowers,  which  are  rendered  conspicuous  by 
colour  and  by  aggregation.  The  fly  thrusts  its  proboscis  rapidly 
into  the  flower,  spending  at  most  two  to  three  seconds  upon  it, 
and  probably,  therefore,  sucking  honey  in  each  case,  not  giitbering 
pollen. 

The  honey  is  secreted  by  l-he  fleshy  base  of  the  ovary,  and  is 
lodged  in  the  lower  part  of  the  tube  of  the  corolla,  which  is  2  to 
3  mm,  long.  An  insect  must  dip  its  proboscis  down  between 
the  stigma  and  anthers,  and  touch  them  with  opposite  sides  of  the 
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proboscis.  Since  the  proboscis  may  be  inserted  on  any  side  of  the 
stigma,  the  part  of  the  proboscis  dusted  with  pollen  in  one  flower 
will  very  probably  come  in  contact  with  the  stigma  in  the  next. 
Since  flies  often  dip  their  proboscis  repeatedly  into  one  flower,  self- 
fertilisation  also  must  frequently  result.  In  absence  of  insects, 
self-fertilisation  always  occurs  by  pollen  falling  directly  upon  the 
stigma.  In  plants  which  I  kept  in  my  room,  guarded  from  insects, 
I  always  found  the  stigma  in  the  older  flowers  thickly  covered  with 
pollen.  "  Axell  found  on  experiment  that  the  plant  is  completely 
fertile  when  self-fertilised  (17). 

Delpino  describes  Myosotis  as  dichogamous  and  exclusively 
fertilised  by  bees. 

M.  silvatica  in  my  garden  is  visited  by  the  following  insects  : — 

A.  Hymenoptera — Ajndce :  (1)  Andrena  albicans,  K.  9,8.  B.  Diptera — 
(a)  Syrphidm :  (2)  Eristalis  arbufltorum,  L.,  ab.  ;  (3)  E.  sepulcralis,  L.,  ab.  ; 
(4)  Syritta  pipiens,  L.,  very  ab. ;  (5)  Rhingia  rostrata,  L.  ;  {h)  Muscidce :  (6) 
Scatophaga  raerdaria,  F. ;  (7)  Species  of  Echinomyia  ;  (8)  Onesia  floralis,  R.  D.  ; 
(9)  0.  sepulcralis,  Mgn.  ;  (10)  PoUenia  vespillo,  F.  ;  (11)  Musca  corvina,  F. ; 
(12)  Colobata  cothumata,  Pz. ;  all  acting  in  the  manner  described  above.  A 
list  of  nineteen  additional  visitors  ia  given  in  No.  590,  iii. 

Myosotis  alpestris,  Schmidt. — I  have  observed  this  plant  visited 
on  the  Alps  by  thirty-three  Lepidoptera,  nineteen  Diptera,  and 
one  bee — a  strikingly  different  list  from  the  preceding  one  (609). 

306.  Myosotis  intermedia,  Link.  ap.  Schl. — The  flowers  of 
this  plant  differ  from  those  of  if,  silvatica  in  their  smaller  size,  and 


Fio.  1S9.— Myosotis  inUrnudia,  Link. 


1.— Londtudinal  section  (x  7). 

2.— AnUier  viewed  ftroin  the  side  to  show  the  broad  prolongation  of  the  connective. 

in  two  points  which  make  cross-fertilisation  still  more  sure  :  (1)  The 
stigma  stands  on  a  level  with  the  anthers,  so  that  an  insect's 
proboscis  is  more  certain  than  in  Af,  silvatica  to  touch  anthers  and 
stigma  with  opposite  sides,  unless  it  be  repeatedly  inserted  as  is  not 
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rarely  the  case.  (2)  The  connective  terminates  above  in  a  broad 
expansion,  which  is  slightly  cur\'ed  outwards,  but  stands  immediately 
above  the  anther  since  the  latter  is  inclined  towards  the  centre  of 
the  flower ;  this  arrangement  hinders  the  proboscis  from  coming  in 
contact  with  the  anther  while  being  inserted.  The  same  character 
is  present  but  much  less  marked  in  M.  sUvatKa. 

Self-fertilisation  always  occurs  in  absence  of  insects. 
The  invaginated  processes  of  the  corolla  which  surround  the 
mouth  of  the  tube  in  all  species  of  Myosotia  serve  to  shelter  the 
honey  from  rain,  and  by  their  yellow  colour  serve  as  "path- 
finders"; they  also  cause  insects  to  insert  their  tongues  in  the 
centre  of  the  flower  and  so  to  come  more  directly  in  contact  with 
the  atigma. 

Visitors  :  A.  Hvnienoptera^Jpirfa  .■  (1)  Apis  mellifida,  L.  tj ,  ab,,  s. ;  (2) 
Andrena  fasciatA,  Wesm.  ^,  b.  ;  (3)  A.  albicans,  K.  $,s.  B.  DIpteni — (a) 
BombglidiB :  (4)  Bonbylins  majo-r,  L.  s.  ;  (b)  Syrphida:  (5)  Clu7»>guter 
viduata,  L.,  b.    See  also  No.  590,  ill. 

307.  Myosotis  palubtrib,  Rth.,  agrees  in  all  points  with  M. 
intermedia,  except  in  the  length  of  its  tube,  which  is  3  mm.  long. 

VisitoTB  ;  A.  Lepidoptera — Rhopaloewa :  (I)  LjCKiia  icanis,  RutL,  e,  B. 
Diptera — Empida:  (2)  Empifl  opaca,  P.,  veiy  ab.,  a. 

308.  Myosotis  hispida,  Schlecbt.— The  flower  is  described  in 
No.  S90,  III. 

Viflitore:  A.  Hytnenoptera— J/hWi^  ;  (1)  HalictuB  zoniilua,  Sm,  9,  8. 
(Tekl.  B.).     B.  Diptera— J/usrWie .-  (2)  Aiitboinyia  sp.,  h, 

Myosotis  versicolor,  Lehm. — When  the  flower  opens,  the  corolla 
is  colourless  or  pale  yellow,  and  imperfectly  developed  ;  the  anthers 
and  stigma  arc  however  ripe,  and  the  latter  protrudes  a  little  from 
the  flower.  If  insect-visits  now  occur,  cross- fertilisation  results; 
afterwards  the  corolla  in  elongating  mbs  the  anthers  against  the 
knobbed  atigma  and  the  flower  is  self-fertilised. 

I  have  observed  bees  and  flies  visiting  the  flower  (570,  vol.  x.) 

Echinaspermum  Za/ipu/a,  Lehm. — Tlie  mechanism  of  fertilisation 
resembles  that  of  Myosotis  silvcU.ica,  but  the  honey  is  not  so  acces- 
sible, as  the  limb  of  the  corolla  does  not  spread  out  flat,  hut  remains 
bell-shsped.  The  corolla  is  white  while  in  the  bud,  pale  red  while 
jnst  emerging  beyond  the  calyx,  and  afterwards  bright  blue.  The 
flower  is  visited  by  Diptera,  Apidse,  and  Sphegidae  {59D,  Hi.  ;  609). 

Omphalodes  vcrna,  Mcench.^The  tube  is  3  mm.  long,  and  the 
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bright  blue  limb  of  the  corolla  expands  to  a  diameter  of  15  to  18 
mm.  The  connective  baa  no  terminal  appendage  ;  otherwise  the 
flower  resembles  that  of  Myototia,  and  self-fertilisation  is  likewise  a 
regular  occurrence. 


Viaitors  :   Hymenoplcra 
Oamia  mfo,  L.  ^ ,  s. 


-Apida:    (1)    BomhuB   terrestris,   L.  $, 


(2) 


309.  LiTHOSPERMUK  ARVEN8E,  L.— The  smooth  ovary  secretes 
a  small  amount  of  honey,  which  lies  in  the  base  of  the  corolla;  the 
latter  forms  a  tube  4  to  5  mm.  long,  and  only  1  mm.  wide  in  its 
lowest  part.  The  five  short  stamens  are  inserted  upon  the  corolla 
below  its  middle,  and  their  anthers  dehisce  inwards  longitudinally 


and  let  their  pollen  escape,  before  the  opening  of  the  flower.  The 
style,  which  is  2  mm.  long,  ends  in  two  smooth,  rounded  lobes,  and 
bears  immediately  below  these  an  annular  ridge  covered  with  stig- 
matic  papillffi ;  this  stands  on  a  level  with  the  anthers,  completely 
filling  up  the  narrow  passage  to  the  base  of  the  flower.  The  upper 
ends  of  the  stamens  curve  slightly  outwai-ds,  thus  guiding  an  insect's 
proboscis  to  the  centre  of  the  flower  and  causing  it  to  pass  between 
the  anthers  and  stigma.  If  in  the  young  flower  an  insect  thrusts  in 
its  proboscis,  already  dusted  with  pollen,  cross-fertilisation  lakes 
place,  and  the  proboscis  gets  dusted  at  the  same  time  with  fresh 
pollen.  But  as  the  pollen  issues  more  and  more  from  the  antliers, 
cross-fertilisation  is  soon  rendered  more  difficult,  and  ultimately 
Belf-fertilisation  becomes  unavoidable. 


various  sizes  to  perform  cross-fertilis 

lioney  and  in  carrying  ofif  the  pollen. 

The  honey,  which  attracts  most  via 

base  of  the  ovary,  and  lies  in  the  has 
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enough  for  large  humble-bees  to  insert  easily  the  head  and  part  of 
the  thorax,  and  smaller  humble-bees  more  than  half  of  their  body ; 
while  still  smaller  bees  can  enter  the  tube  bodily.  The  insect 
passes  straight  on  to  the  bafte  of  the  flower,  the  downward  curva- 
ture of  whose  terminal  portion  corresponds  to  that  of  the  insect's 
proboscis.  To  alight  on  the  flower  and  suck  the  honey  is  the  work 
of  a  moment ;  so  completely  is  the  shape  of  the  flower  adapted; 
not  for  one  only,  but  for  many  species  of  bees.  But  none  of  tho 
various  visitors  can  reach  the  honey  without  getting  dusted  ven- 
trally  with  pollen  in  young  flowers,  or  leaving  some  of  that  polleii 
upon  the  stigma  in  older  flowers.  From  the  point  where  the 
filaments  become  free  from  the  corolla,  they  pass  on  horizontally 
near  the  inferior  wall  of  the  corolla ;  and  the  four  lowest  stamens 
project  some  7  mm.  beyond  the  corolla,  forming  a  convenient 
alighting-place  for  insects.  The  uppermost  stamen,  on  leaving  its 
attachment  to  the  corolla,  also  bends  downwards,  and  in  so  doing 
it  divides  the  entrance  to  the  honey-containing  part  of  the  tube 
into  two  passages  ;  it  then  proceeds  horizontally,  but  only  so  far  as 
the  mouth  of  the  corolla.  The  free  ends  of  all  the  stamens  curve 
slightly  upwards;  and  the  anthers,  which  dehisce  as  the  flower 
opens,  turn  their  pollen-covered  sides  upwards  ;  no  bee,  therefore, 
can  alight  without  dusting  its  ventral  surface  with  pollen.  Large 
humble-bees  bring  their  thorax,  smaller  ones  their  abdomen,  in 
contact  with  the  long  stamens,  while  the  smallest  bees,  which  fly 
right  into  the  flower,  must  at  least  come  in  contact  ventrally  with 
the  short  fifth  stamen.  The  style  lies  in  the  midst  of  the  stamens, 
and  divides  terminally  into  two  short  branches,  which  beai*  the 
stigmas  at  their  ends.  When  the  flower  opens,  the  style  scarcely 
reaches  the  mouth  of  the  corolla ;  its  distal  end  is  straight,  its  two 
branches  lie  close  together,  and  their  stigmas  are  apparently  in- 
capable of  fertilisation.  In  course  of  time  the  style  lengthens  till 
it  projects  10  mm.  beyond  the  moiith  of  the  corolla;  it  curves 
gently  upwards  at  its  outer  end,  and  its  two  branches,  now 
bearing  ripe  stigmas,  sepaiate.  The  stigmas  now  lie  above 
and  in  front  of  all  the  anthers,  and  no  bee,  large  or  small,  can 
enter  the  flower  without  bringing  its  ventral  surface  in  contact 
with  them. 

It  is  evident  from  the  position  of  the  stigmas  that  cross- 
fertilisation  will  be  performed,  even  if  pollen  remains  upon  the 
anthers  when  the  stigmas  are  mature. 

Echium  attracts  very  numerous  and  various  insects,  as  the 
following  long  list  shows: — 

K    K    2 
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A.  Hymenoptera — (a)  Apida :  (1)  Apis  mellifica,  L.  5 ,  very  ab.,  a.  ;  (2) 
Bombus  silvarum,  L.  $9)8-  ^^^  sometimefl  also  cp.  ;  (3)  B.  lapidariuis,  L. 

?  9  cJ ;  (4)  B.  agrorum,  F.  ?  ?  ;  (5)  B.  hortorum,  L.  ?  5  ^ ;  (6)  B.  teirestris, 
L.  ?  cJ  ;  (7)  B.  muscomm,  F.  §  ;  (8)  B.  pratorum,  L.  ?  ;  (9)  B.  Rajellua,  IlL 

9  ;  (10)  B.  hypnorum,  L.  9  ;  (H)  B.  (Apathus)  nipestris,  F.  9  ;  (12)  B.  ves- 
talis,  Fourc.  ?  ;  (13)  B.  campestris,  Pi.  ?  (J ;  (14)  B.  BarbuteUus,  K.  $ ;  all 
these  thirteen  species  of  humble-bees  are  more  or  less  abundant,  especially  the 
first  five,  all  only  suck,  except  B.  sil varum  ;  (15)  Anthophora  quadrimaculata, 
F.  9  (J  (Thur.),  8.  and  cp.,  ab. ;  (16)  A  furcata,  Pz.  9  ^  (Thur.),  a.  and  cp. ; 
(17)  Saropoda  bimaculata,  Pz.  9  cji  very  ab.,  s.  ;  (18)  Melecta  luctuoea,  Scop. 

9  (Thur.)  ;  (19)  Eucera  longicomis,  L.  ^ ;  (20)  Andrena  fulvicrus,  K.  ^ ; 
(21)  A.  albicrus,  K.  <J ;  (22)  A  labialis,  K.  ^J ;  (23)  Halictus  nitidus, 
Schenck,  9  ;  (24)  H.  albipes,  F.  (J ;  (25)  H.  cylindricus,  F.  9  cJ ;  (26)  BL 
sexnotatus,  K.  9  ;  Nos.  18 — 25  all  s.  ;  (27)  H.  nitidiusculus,  EL  9 »  c.p«  ;  (28) 
Nomada  sexfasciata,  Pz.  9  >  »• ;  (29)  Ceratina  coerulea,  VilL  9  >  s, ;  (30) 
Megachile  Willughbiella,  K.  (J ,  s.  ;  (31)  M.  circumcincta,  K  9  >  ».  and  cp.  ; 
(32)  Diphysifl  serratiilse,  Pz.  9  cJ  i  s-  and  cp.,  very  ab. ;  (33)  Osmia  fusca, 
Christ  (bicolor,  Schrank)  9 1  s,  and  cp.  ;  (34)  O.  aenea,  L.  9  ^ » s-  ^^^  c-P- ;  (35) 
O.  csmentaria,  Gerst.  9  3  >  c.p.  and  s.,  very  abundant  in  Thuringia  and  Sauer- 
land,  building  its  nests  in  the  cavities  of  stones,  and  feeding  the  young  exclusively 
on  honey  and  pollen  of  Echium  ;  (36)  O.  adunca,  Latr.  9  Si  very  ab.,  also 
feeding  its  young  exclusively  on  honey  and  pollen  of  Echium  ;  (37)  O.  leu- 
comelacna,  K.  9 »  c.p.  ;  (38)  O.  rufa,  L.  9  >  s.  ;  (39)  Coelioxys  quadridentata, 
L.  (=  conica,  L.)  9  cJ>  ".,  ab.  ;  (40)  C.  conoidea,  111.  (punctata,  Lep.),  9>  ^  J 
(41)  C.  simplex,  Nyl.  9 »  s*  ;  (42)  C.  umbrina,  Sm.  9  >  ^  >  (43)  Chelostoma 
nigricome,  Nyl.  cJ  9  >  8. ;  (44)  Stelis  phajoptera,  K.  9  >  *•  J  (45)  St  breviuscula, 
N.  (J ,  8. ;  (46)  Prosopis  hyalinata,  Sm.  9*8.;  (b)  Sphegida :  (47)  Crabro 
patellatus,  v.  d.  L.  9  (?  i  (48)  Ammophila  sabnlosa,  L.  9  >  (49)  Psammophila 
affinis,  K.  9  >  *11  three  s. ;  (r)  Vespida :  (50)  Odyncrus  parietum,  L.  <J ,  s. ; 
{d)  Chrysidoi :  (51)  Cleptes  semiaurata,  F.,  s.  ;  all  the  short-lipped  Hymeno- 
ptera creep  bodily  into  the  flower  to  reach  the  honey.  B.  Diptera — (a)  Syrphidie : 
(52)  Rhingia  rostrata,  L.,  s.  ;  (53)  Helophilus  trivittatus,  F.,  f.p. ;  (54)  Syrphua 
pyraatri,  L.,  f.p.  ;  (55)  S.  arcuatus,  Fall.,  f.p.  ;  (56)  Melanostoma  ambigiia, 
Fall.,  f.p. ;  (b)  Conopidce :  (57)  Physocephala  vittata,  F.,  s.  C.  Lepidoptera — 
(rt)  Rhoj>aloc€ra :  (58)  Satyrus  Janira,  L.  ;  (59)  Pieris  brassicae,  L.  ;  (60) 
Lycaena  sp.  ;  (61)  Hesperia  sylvauus,  Esp.  ;  (62)  Colias  hyale,  L.  (Thur.) ; 
(63)  Melitaja  cinxia,  L.  ;  (h)  Sphinges :  (64)  Zygana  lonicerae,  Esp.  (Thur.) ; 
(65)  Macroglossa  stellatarum,  L.  ;  (c)  Nociucc :  (66)  Plusia  gamma,  L.,  ab.,  all 
sucking.  D.  Coleoptera — (67)  Gidemera  virescens,  L.,  crept  far  into  the  flower, 
and  fteenied  to  reach  the  honey.  A  further  list  of  visitors  in  Low  Germany  is 
given  in  No.  590,  in.  A  list  of  Alpine  visitors  (seventeen  bees,  five  Lepido- 
ptera) is  given  in  No.  609,  p.  262. 

A  review  of  this  long  list  of  insects,  many  of  which  frequent  the 
flowers  of  Echium  in  great  numbers,  shows  that  the  great  majority 
come  seeking  honey,  and  only  use  the  stamens  as  a  landing-place. 
The  females  of  bees  with  abdominal  collecting-brushes,  without 
any  special  effort,  sweep  up  pollen  with  their  abdominal  brushes, 
filling  them  after  a  few  visits.     The  flower  is  thus  so  convenient 
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for  them  that  several  of  these  bees  (Osmia  adunca  and  0.  camen- 
taria)  resort  to  it  exclusively,  both  for  their  own  food  and  for  that 
of  their  larvse.  Syrphidee  also  make  frequent  use  of  the  pollen, 
while  bees  with  tibial  or  femoral  collecting-baskets  seldom  gather 
it,  and  all  other  insects  come  solely  for  the  sake  of  honey.  The 
power  of  self-fertilisation  has  been  completely  lost. 

This  plant  is  gynodioecious.  The  female  flowers  difTer  from  the 
hermaphrodite  in  having  a  much  smaller  corolla  and  shorter  pistil ; 
their  stamens  are  short,  and  the  anthers  contain  no  sound  pollen- 
grains  (Darwin,  167). 

CeritUhe  glabra.  Mill.  {C.  alpi-aa,  Kit.). — This  flower  is  adapted 
for  humble-bees.     Only  humble-bees  or  other  large  bees  can  cling 


«(»Ial«n.  Hill. 
A.— FiDwfT  thit  hoi  nrenUT  expandfd, 
a— Ditto.  In  wi!tloii(K  4). 
C— Older,  folly  MpaMl(dBoww()i  T). 
(.  Knl:  »,  corolU:  h,  nccluj!  oi  onry;  ^,  itylci  fi,  I 
(FHo  Alp,  Jnly  »,  IfTT). 


to  the  recurved  teeth  of  the  corolla,  and  hanging  beneath  the 
flower,  suck  the  honey  from  its  base.  In  doing  this  the  insect 
first  brings  its  head  in  contact  with  the  stigma,  and  then,  toucliiiig 
the  anthers  with  its  proboscis,  it  dusts  its  head  with  new  pollen. 
I  have  only  found  humble-bees  {Bombus  dltieofa,  S  5  ),  but  those  in 


diiDDrpliic,  but  merely  show  es 
theii-  stamens  and  style  (167). 
Merlensia,  Roth.,  is  dimorphi 


REVIEW    OF    T 

The  Son^ineEe  have  inherite 
tube  which,  to  a  certain  degree, 

The  lower  forms  (Aspenii 
Myoaotis)  are  visited  and  cross- 
phidfc),  bees,  and  Lepidoptera,  an 
blue  colours  through  the  selective 
in  the  course  of  individual  develi 
the  evolution  of  their  colours — i 
of  Myosotis ;  yellow,  bluish,  violc 
blue  in  Putmonaria,  Echium,  el 
to  have  been  the  primitive  coIo 
violet  and  blue  seem  to  have  be 
tion  which  is  'strengthened  by  tb 
species  (Myosotis,  Ancliusa,  Sym 
red  varieties,  apparently  by  rever 

Startiug  from  these  simpler 
vancing  adaptations  for  fertilisal 
by  the  length  of  its  tube,  protects 
of  insi=^cts.  pyfpnt.incr  Kim.l.lfl-htff. 
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mature  Btigma^  The  drooping  flowers  of  Borago,  and  the  position 
of  their  anthera,  exclude  all  insects  wliich  cannot  hang,  as  bees 
can,  below  the  flower  and  itisert  their  proboscitles  into  the  narrow 
opening.  Symphytum  and  Cerinthe,  finally,  besides  ofiering  the 
same  difficulties  as  Bon^,  have  a  tube  which  requires  so  long  a 
proboscis  to  reach  its  base,  that  only  humble-bees  and  other  bees 
with  a  [ax>boscis  equally  long  can  reach  the  honey. 

Obd.  CONYOLVULACE^. 

311.  Convolvulus  arvensis,  L.— Sprengel  has  described  the 
chief  characters  of  this  flower  very  clearly,  contrasting  them  with 
those  of  C.  septum. 

The  funnel-shaped  corolla  is  yellow  at  the  base  internally, 
elsewhere  either  white  or  red,  and  marked  in  the  latter  case  with 


five  radiating  white  streaks.  These  "  pathfinders,"  and  the  habit 
of  closing,  both  in  the  evening  and  in  rainy  weather,  mark  out  the 
flower  as  adapted  for  the  visits  of  diurnal  insects.  The  orange-red 
under  surface  of  the  ovary  secretes  honey,  which  is  lodged  in  the 
lowest,  narrowest  part  of  the  corolla,  and  sheltered  by  the  broad 
bases  of  the  stamens,  which  leave  five  narrow  openings  leading  to 
it.  The  stamens  arising  thus  with  broad  ba^es  from  the  corolla. 
adhere  to  it  for  a  short  distance,  and  then  curve  inwards,  coming 
close  together  around  the  style ;  the  filamente,  where  they  are  in 
contact  with  one  another,  are  closely  beset  with  small,  stiff  pro- 
jections,  which   prevent   an  insect   from    thrusting   its   proboscis 
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between  them.  The  five  najxow  slits  between  the  stamens,  near 
their  base,  are  thus  the  only  means  of  access  to  the  honey,  and  the 
insect  must  make  its  way  into  the  fimnel  between  the  corolla  and 
the  stamens,  and  then  insert  its  proboscis  into  one  of  the  slits. 
Since  the  stamens  dehisce  extrorsely,  an  insect  acting  in  this  way, 
unless  it  be  too  small,  must  be  dusted  with  pollen ;  and  the  two 
branches  of  the  stigma,  standing  well  above  the  anthers,  and 
stretching  outwards  over  them,  are  touched  before  the  anthers  by 
the  insect  In  absence  of  insects,  self- fertilisation  can  easily  occur ; 
for  if  the  flower  hangs  down,  or  if  the  corolla  withers  and  falls  off, 
the  pollen  readily  falls  upon  the  stigma,  and  even  in  erect  and 
&esh  flowers,  one  of  the  stamens  is  not  unfrequently  seen,  still 
covered  with  pollen,  in  contact  with  the  stigmatic  papillae.  The 
flowers  have  a  peculiar  aromatic  smell,  which  seems  the  only  reason 
for  their  being  visited  so  much  more  plentifully  than  the  laiger 
flowers  of  C.  stpinm. 

Vieitore  ;  A.  Hymenoptera — Apidtr  .-  (1)  Apia  melliflca,  L.  ^  i  ^ery  ab^  a, 
and  c.p., — to  Buck,  it  creeps  down  into  the  bue  of  the  flower,  duxting  its  head 
and  back  with  pollen,  which  parts  come  flret  in  contact  with  the  Btigma  in  each 
flower  ;  (2)  HolictiiB  mono,  F.  ^  ,  b.,  touching  neilher  stigma  noraathers  ;  (3) 
H.  viUoBuluB,  K.  9  ;  (4)  H.  longulus,  Sm.  ? ;  (6)  H.  nitidiuBculus,  K.  $ ,  all 
three  cp.  ;  they  uaualiy  alight  on  the  stigma  and  then  proceed  lo  the  antbera, 
tbos  effecting  cross-fertilisation  J  (6)  CbelostomacampanulHi'um,  E.  (^,  e.,  like 
No.  2.  B.  Diptent — (a)  Empidie  ,-  (7)  Empia  livida,  L.,vpr_T  ab.,  a,  thrusting 
its  proboscis  into  each  of  the  five  nectaries  one  after  another  ;  (6)  Syrphidai 
(8)  HelophiluB  floreus,  L.,  b.  and  f.p, ;  (9)  Eristalis  arbuatorum,  h.,  e.  and  f.p., 
t^ee  shelter  from  rain  in  the  flowers  ;  (10)  SyrjihuB  nitidicollis,  Mgn. ;  (11) 
a.  balteatUB,  Deg. ;  (12)  Melithteptus  scriptua,  L. ;  (13)  M.  taaiatug,  Mgn.,  all 
fourf.p., — the  large  honey-sucking  flies  effect  crosa-fertiliaation  in  the  same  way 
as  No.  1,  the  Bmaller  pollen-feeding  flies  do  so  after  the  manner  of  Nob.  3 — 6  ;  (r) 
Muecidte  ;  (14)  Sepsis,  abundant  in  the  passages  leading  to  the  honey.  C.  Coleo- 
ptera— (a)  NitUlutida ;  (15)  MeKgethes,  do.  ;  (6)  (Edemerida :  (16)  (EdemeiA 
virescens,  L.,  f.p.;  (c)  Ctramhjfcida :  (17)  Leptura  livida,  L.,  feeding  on 
pollen,  and  on  the  anthers.  D.  Hemiptera~(18)  Nabis,  s.  Eighteen 
additional  visitors  are  enumerated  in  No.  590,  III. 

Gabjstc'iia  sqiium,  R,  Br.  (Ctmvolvulus  sepium-,  L.). — The  fioweis 
are  scentless  and  vdthout  "  pathfinders."  In  spite  of  their  large 
size  and  conspicuous  white  colour,  they  are  only  scantily  visited 
by  insects.  They  remain  open  in  rain.  On  dark  evenings  (be- 
tween 8  and  10)  I  have  found  all  the  flowers  closed,  but  all  open 
on  moonlight  nights.  In  other  respects  the  flowers  are  similar 
to  those  of  Convolvulus  arvenaia.  I  have  never  observed  crepus- 
cular or  nocturnal  insects  on  the  flowers,  but  several  of  my  pupils 
have  caught  numbers   of  SphiTix    convohiiH   upon  them    in    the 
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erening.  In  tlie  daytiiiie  I  have  sometimes  seen  ffnlictms  r^iimi- 
rieus,  K.  6,  and  MtgatkiU  eeniMnmlarU,  L.  c,  and  Emyis  and 
JBhinffia  in  special  Dombeis,  all  creeping  into  the  base  v^f  the 
flower,  and  inserting  their  proboscides  through  the  slits  Knween 
the  filaments.  Bhiagia  rodraia^  L.,  applies  its  labell^e  fi^ 
qaently  to  the  anthers,  stigma,  and  inner  wall  of  the  c^»roUa^ 
apparently  picking  up  scattered  pollen.  Mdigitki^,  Tkrip^.  and 
minute  Podurm  also  firequent  the  flowers  during  the  day. 

DelfMno  mentions  Sphinx  ccnrolruli  as  a  fertiliser  of  C  i^-^pium 
(172,  352) ;  he  tells  me  by  letter  that  one  of  his  friends  catches 
this  insect  in  numbers,  standing  by  a  hedge  oveigrown  w  ith  the 
plant,  holding  thimib  and  forefinger  over  a  flower  and  closing  its 
orifice  when  the  insect  has  entered  ! 

In  England,  where  Sphinx  convolvuli  is  rare,  C  stpium  seldom 
produces  s«ed  ;  in  Scotland,  where  S.  convolvuli  seems  not  to  occur, 
C.  tepium  is  rarely  found  wild  (773).  In  the  north  of  Ireland, 
according  to  Mr.  T.  H.  Corry,  C  sepium  is  far  commoner  than 
C,  arvensis,  and  Sphinx  convolvuli  is  comparatively  fretjuent. 

Cuscuia  Epithymum,  L.,  is  homogamous.  Honey  is  secreteil 
by  the  lower  part  of  the  ovary,  and  is  sheltered  by  scale-like 
appendages  of  the  corolla.  The  flowers  are  visited  by  Spheffidar, 
and  in  absence  of  insects  fertilise  themselves  (590,  III.). 

Cuscuta,  according  to  Euhn,  has  cleistogamic  flowers  (399). 

Ipomcea  pestijridis,  L.,  has  cleistogamic  flowers,  which  wen* 
known  to  Uillenius. 

Calcnyction,  Chois. — The  flowers  are  sterile  to  their  own  pollen. 

Ord.  SOLANACE^E. 

312.  SoLANUM  TUBEROSUM,  L. — The  peiliincles  stand  almost 
horizontal  at  the  time  of  flowering,  and  the  five-pointed  rot^vte 
limb  of  the  corolla  becomes  nearly  vertical.  Five  anthers  meeting 
to  form  a  cone  project  from  the  flower  and  surround  the  stylo, 
which  protrudes  beyond  them  and  curves  more  or  less  downwards 
at  its  stigmatic  end.  All  the  stamens  bend  very  slightly  down- 
wards, and  the  lower  anthers  project  somewhat  in  advanci»  of  the 
others.  The  anthers  begin  to  dehisce  at  their  apex,  and  wlu»n 
touched  allow  a  little  pollen  to  fall  out;  in  some  which  1  ex- 
amined a  large  quantity  of  pollen-grains  (from  013  to  0:^1  nun. 
in  diameter)  remained  in  a  shrivelled  condition. 

Since  the  flower  secretes  no  honey  and  affbrtls  littlo  polh^i,  it 
is  very  scantily  visited  by  insects.     In  spite  of  rci)oated  watching, 
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I  have  only  occasionally  seen  two  common  Syrphidae,  Eristalia 
tenax,  L.,  and  Syritta  pipiens,  L.,  feeding  on  the  pollen.  Darwin 
observed  the  flower  visited  by  humble-bees. 

The  stigma,  from  its  position,  must  be  touched  by  an  insect- 
visitor  before  the  anthers.  In  many  flowers  the  end  of  the  style 
curves  backwards  so  much  as  to  stand  beneath  the  anthers,  in  the 
line  of  fall  of  the  pollen,  sq  that  self-fertilisation  may  in  such  cases 
occur.  Treviranus  was  therefore  not  wholly  wrong  when  he 
described  the  genus  Solanum  as  fertilised  by  the  style  curving 
backwards  to  meet  the  anthers  (742). 

313.  Solanum  DuLCi3iARA,  L.,  is  likewise  devoid  of  honey, 
and  is  at  least  as  scantily  visited  by  insects  as  S,  tuberosum,  I 
have  seen  Rhingia  rostrata,  L.,  examining  the  greenish  spots  which 
glitter  like  drops  of  fluid  in  the  middle  of  the  violet  corolla,  and 
afterwards  stroking  the  tips  of  the  anthers  with  its  labellae.  Here 
S,  Didcamara  seems  to  delude  the  fly  as  Pamassia  and  Lopezia  do 
(590,  III.,  pp.  20-22).  S.  Dulcamara  is  also  visited  by  pollen- 
collecting  BowM,  and  poUen-feeding  Syrphidae  (609). 

314.  Solanum  nigrum,  L. — The  flowers  are  devoid  of  honey, 
but  I  have  repeatedly  seen  two  common  Syrphidae,  Melithreptus 
scripttis,  L.,  and  Syritta  pipiens,  L.,  feeding  on  the  pollen.  Both 
stroked  the  outer  side  of  the  anthers  with  their  labellae  from  the 
apex  downwards  as  far  as  the  middle  of  the  corolla.  Sprengel 
observed  bees  and  humble-bees  upon  the  flowers.  I  have  given  a 
further  account  of  the  flower  in  No.  590,  ill. 


Fig.  144.— Lycium  barbarum^  L. 

1.— Flower,  viewed  from  the  front. 

2.— Ditto,  in  section. 

a,  protecting  hairs ;  t<,  stigma. 


315.  Lycium  barbarum,  L.  (L.  vulgare,  Dun.). — Honey  is 
secreted  in  large  quantity  by  the  naked  ovary,  and  accumulates  in 
the  base  of  the  tube,  which  is  7  to  10  mm.  long.     The  corolla 


PABT  III.]  THE  MECHANISMS  OF  FLOWERS.  427 

widens  out  above,  and  is  smooth  within,  except  that  a  ring  of  close 
woolly  hairs  surrounds  it  at  the  base  of  the  funnel-shaped,  ex- 
panded portion ;  on  a  level  with  this  ring,  five  similar  rings  of  hairs 
surround  the  five  stamens,  and  effectually  exclude  rain.  The 
corolla  divides  above  into  five  violet  lobes,  which  spread  out  to 
a  diameter  of  ]  6  to  22  mm.  The  funnel-shaped  mouth  is  light- 
coloured,  and  marked  with  dark-violet  lines  (pathfinders)  coursing 
towards  the  base  of  the  flower.  Stigma  and  anthers  ripen  to- 
gether, and  stand  at  the  same  height.  The  style  is  sometimes 
bent  upwards  above  the  anthers,  as  in  the  figure,  but  as  a  rule  it 
is  in  immediate  contact  with  them.  Insect-visits,  therefore,  may 
lead  equally  well  to  cross-  and  self-fertilisation ;  and  in  absence  of 
insects  self-fertilisation  in  most  cases  takes  place. 

Visitors :  Hymenoptera — Apidce :  (1)  Apis  mellifica,  L.  § ,  s.,  ab. ;  (2) 
Bombus  agrorum,  F.  ? ,  s. ;  (3)  B.  lapidarius,  L.  9,8.,  both  very  frequent. 
See  also  No.  590,  iii. 

Atropa  Belladonna,  L.,  is  likewise  adapted  for  humble-bees. 
I  have  seen  it  visited  by  nine  species  of  bees   and   by  Thrips 

(590,111.). 

Mandragora  vernalis,  Bert.,   is    proterogynous,   according    to 

Hildebrand  (35 1). 

lochroma  tubulos^cm,  Benth.,  is  proterogynous  with  persistent 
stigmas.  The  deep-blue,  pendulous  flowers  are  tubular,  widening 
out  at  the  mouth,  and  are  supposed  by  Delpino  to  be  fertilised  by 
humming-birds  (177). 

Scopolia  camiolica,  Jacq.  (S.  atropoides,  Schult),  is  protero- 
gynous (351). 

316.  Hyoscyamus  niger,  L. — Cross-fertilisation  is  insured, 
or  at  least  favoured,  by  the  prominent  position  of  the  stigma. 
Sprengel  found  the  plant  visited  by  humble-bees,  and  the  dimen- 
sions of  the  flower  seem  well  suited  to  these  insects.  I  have  seen 
only  Halictus  ci/lindrictc8,  F.  ? ,  collecting  pollen  on  the  flower. 

Browallia  elata,  L. — The  corolla  is  hypocrateriform,  and  its 
mouth  is  blocked  by  the  much  expanded  filaments  of  the  two 
superior  stamens,  which  are  inserted  in  the  throat  of  the  corolla ; 
these  leave  only  two  very  narrow  openings  through  which  a  thin 
proboscis  may  pass.  The  proboscis  entering  in  this  way  touches 
the  anthers  (the  inferior  pair  of  which  is  inclosed  in  the  tube),  and 
also  the  stigma  which  stands  between  the  two  pairs  of  anthers  ;  the 
stigma  smears  the  entering   proboscis  with  viscid  matter  in  the 
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youDg  flower,  and  receives  pollen  from  it  in  the  old.  Delpino 
considers  that  the  brown  colour  of  the  broad  Biiperior  stamens  is  a 
device  to  guide  insects  that  have  alighted  on  the  flower  towards  the 
pollen.  His  view  that  the  flower  is  fertilised  by  Sphingidie  and 
Bombylidie  is  opposed  to  this,  for  these  insects  seek  honey  only. 
Species  of  Anthophora,  which  Delpino  thinks  may  possibly  be  also 
fertilisers,  are  likewise  scarcely  fitted  to  reach  the  pollen  of 
Browallia  (178,  360). 

My  brother  Fritz  Muller  tells  me,  in  a  letter  dated  November 
10, 1869,  that  he  finds  in  the  allied  genus  Franziscea  {Bmnfelsia) 


a  structure  similar  to  that  described  by  Delpino  for  Browallia,  A 
handsome  species  of  Franziscea,  occurs  at  Itajahy.  In  this  there 
are  two  lateral  entrances  to  the  tube,  but  between  them  the 
throat  of  the  corolla  is  blocked,  not  by  a  valve  formed  by  the 
stamens  (valvola  siaminale,  Delpino),  but  by  the  style  which  bends 
forward  to  apply  itself  to  the  anterior  wall  of  the  corolla. 

SchizanthiiA,  Rz.  and  P. — The  two  stamens  are  inclosed  by  the 
lower  lip,  and  spring  up  when  an  insect  settles  on  the  latter  :  the 
stigma  is  at  first  shorter  than  the  stamens,  but  after  they  have 
burst  free  it  lengthens  and  projects  beyond  them,  so  as  to  be  now 
the  first  part  touched  by  an  insect-visitor  (346). 
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Obd.  SCROPHULARINEjE. 

317.  Verbascum  nigrum,  L. — The  long  yellow  racemes  are 
very  striking,  and  the  flowers  are  made  still  more  conspicuous  by 
the  orange-red  anthers  and  violet  hairs  upon  the  filaments.  The 
plant  is  visited  by  very  various  species  of  insects. 

I  sought  repeatedly  for  honey  without  success,  and  had  come  to 
the  conclusion  that  the  flower  contained  none.  On  July  28,  1871, 
however,  towards  evening,  T  saw  a  small  moth,  Ephestia  elutella, 
Hiibn.,^  busy  sucking  very  assiduously  on  the  flowers  of  a  plant  of 
this  species  in  my  room.  Standing  on  a  petal,  it  thrust  its 
proboscis  down  between  two  stamens^  into  the  short  tube,  and 
applied  it  to  various  parts  of  the  inner  wall  of  the  corolla.  After 
spending  a  considerable  time  on  one  flower,  it  rolled  up  its  proboscis 
and  flew  off  to  another.  It  continued  these  operations  for  some 
minutes,  and  therefore  certainly  found  honey ;  and  the  next 
morning  I  found  in  many  flowers,  but  not  in  all,  minute  drops 
of  honey  adhering  to  the  smooth  inner  surface  of  the  tube.  The 
flowers  afford  a  large  quantity  of  orange-red  pollen,  accessible  to 
all  insects ;  and  I  observed  that  in  the  case  of  Syrphus  haltcatus 
the  violet  clavate  hairs  form  a  third  attraction. 

The  position  of  the  parts  of  the  flower  makes  cross-fertilisation 
in  case  of  insect-visits  not  inevitable  but  exceedingly  likely,  while 
in  absence  of  insects  self-fertilisation  easily  occurs.  The  short  tube 
widens  out  into  a  flat,  five-lobed  limb,  which  takes  up  an  almost 
vertical  position:  the  inferior  lobe  is  the  longest,  and  the  two 
superior  are  shorter  than  the  lateral  lobes,  so  that  an  insect  settles 
most  conveniently  upon  the  inferior.  The  stamens  project  almost 
horizontally,  but  curve  slightly  upwards  from  the  tube,  and  diverge 
slightly  from  one  another ;  they  alternate  with  the  petals,  and  again 
the  superior  is  the  shortest  and  the  two  inferior  longer  than  the 
lateral.  The  anthers,  which  stand  close  together,  dehisce  along 
their  outer  edge,  covering  themselves  almost  completely  with 
orange-red  pollen.  The  style  is  shorter  than  the  inferior  stamens, 
and  bent  down  slightly  below  them.  An  insect  standing  on  the 
inferior  petal  generally  touches  the  knobbed  stigma  first,  on  its  way 

*  Named  for  me  by  my  friend  Dr.  Speyer,  of  Rhoden. 

'  Just  between  each  pair  of  stamens,  the  central  part  of  the  corolla  Wars  a 
chestnut-brown  spot.  Sprentrel  (702,  p.  122)  considered  these  spots  to  be  li<»noy- 
guides,  though  he  could  find  no  honey  in  the  flowers  My  discovery  of  homy 
confirms  his  view. 
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to  the  anthers ;  and  thus  cross- fertilisation  ia  favoured,  though  stigma 
and  anthera  ripen  together.  In  absence  of  insects,  self-fertilisation 
is  possible,  as  the  stigma  frequently  stands  in  the  lino  of  fall  of 
the  pollen. 

VisitoM :  A.  ^jaxeaopteT&^Apidit :  (1)  Bombua  agrorum,  F.  5i  S' !  (2) 
B.  teireatris,  L.  ^ ,  a.  and  t.p.  ;  (3)  Andrena  pilipea,  F.  ? ,  r.p.  ;  (4)  Prosapia 
rignata,  P7.  2if-P-;  f5)  P.  commimiB,  Nyl.  9,f.p.  B.  Diptern— (a)  Bomby- 
lidie :  (6)  Sf  shEchuE  sulforeiia,  Mik.,  s.  ;  (&)  Sgrphi'da :  (7)  Syrphus  bullentue, 
Dag.,  f.p.  and  licking  the  Btaminol  hain  :  (8)  Eriatalis  arbuatoruni,  L.,  do.  ; 
(9)  Syritta  pipiens,  L.,  do.  C.  Lepidoptcra — M'tcroUpidoptera  ;  (10)  Epheatia 
elutella,  Hiibn.,  a.  D.  Coleoptera— JViWduiirfro :  (11)  Meligethea,  ab.  'K 
Thyaanoptcra  ;  (12)  Thripa,  ab.  F.  Neuwiptera  ;  (13)  Panorpa  communis,  L., 
licking  various  parte  of  the  flower. 

318.  Vehbascum  PHCENiCEiTM,  L. — The  structure  of  the  flower 
forces  with  that  of  the  preceding  species,  but  1  have  hitherto  failed, 
as  Sprengel  also  did,  to  discover  any  honey ;  I  have  never  seen  any 
insect  sucking  on  this  flower.  I  once  savi  Andrena- fulva,  Schrank, 
? ,  insert  its  proboscis  into  three  or  four  flowers  and  then  immedi- 
ately withdraw  it;  it  then  flew  away,  having  doubtless  failed  to 
And  anything. 

Vinitora  :  A.  Hymenoptera— .lipirfo ;  (1)  Apis  melliflca,  L.  5 ,  cp. ;  (2) 
Bombua  musoorum,  L.  ^ ,  cp.  ;  (3)  Andrena  doraata,  K.  5 ,  c.p.  ;  (4)  A.  fulra, 
Schrank,  2,  vainly  aeeking  honey  ;  (5)  Halictus  aeanotatna,  K,  J,  cp., — I 
could  see  clearly  liow  this  bae  loosened  the  poUeu  with  it*  mandibles,  and 
Bwept  it  with  the  tarsal  bruahes  on  ita  fore  and  midl^a  intci  the  collecting 
haira  on  ita  hindlega.  B.  Diptera— Syr/iAii/ie  .-  (6)  Ehingia  roetrato,  L.,  very 
ab.,  f.p., — I  have  uften  seen  a  specimen  of  this  fiy  on  ahuoat  every  flower,  eating 
pollen,  and  also  licking  the  Btaminal  haira. 

319.  Verbascom  Tuapsus,  L.  : — 

Visitora  ;  A.  Hynietioptera — (c)  Apula  .•  (1)  Apia  mellifica,  L.  tj  ;  (2)  Bom- 
bua SerimBluronuB,  K.  ?  ;  (3)  B.  hortorum,  L.;  IJ  ;  (4)  Halictna  ameathmanellua,' 
K.  $,allc.p.  ;  (6)  H.  cyUndricUB,  F.  ^ ;  (6) 'Andrena  parvula,  K.  ^,both  of 
these  seemed  to  be  sucking  ;  (6)  Sphegida :  (7)  PoUates  gallica,  F.  ?  (Thur.), 
seemed  also  to  be  sucking.  B.  Diptera — Syrphida :  (8)  Helopbiliia  iloreua,  L,  ; 
(9)  Syritta  pipiena,  L,  ;  (10)  Ascia  podagrica,  F.,  all  three  f.p. 

Vcriascum,  Lychnilis,  L.— I  saw  this  species  in  Thuringia,  visited 
by  species  of  Halictus  collecting  pollen,  aud  by  Diptera  and 
Coleoptera  (590,  III.). 

Darwin,  in  Forms  of  Flowers,  shows  that  V.  Thajpsus  and 
V.  Liichiiifis  readily  produce  hybriils  in  a  state  of  nature  ;  and  that, 
.since  these  hybrids  are  absolutely  barren  and  the  self-fertilised 
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plants  fairly  fertile,  in  this  case  insects-visits  by  promoting 
hybridisation  do  harm. 

According  to  Delpino,  the  Verbascums  are  adapted  for  pollen- 
collecting  bees,  which,  clinging  to  the  hairs  on  the  stamens,  clear 
the  pollen  off  the  anthers  and  fly  rapidly  to  another  flower.  I 
agree  with  this  view,  and  look  upon  it  as  the  most  plausible 
explanation  of  the  hairy  stamens.  But  from  my  own  observations 
it  is  clear  that  the  small  pollen-feeding  bees  (Prosopis)  and  SyrphidoR 
are  very  frequently  the  fertilisers  of  this  genus.  Delpino  goes  too 
far  in  saying  that  the  flowers  of  Verbascum  are  adapted  solely  for 
bees  (esclusivamerUe  meliitojilt),  and  that  the  visits  of  all  other  insects 
are  accidental  and  without  significance  (178,  li.,  pp.  296-298). 

Calceolaria  pinnata,  L. — Each  of  the  two  anthers  is  modified,  as 
in  Salvia  pratensis,  into  a  lever,  of  which  one  arm  bears  a  pollen- 
less  anther-lobe  and  stands  in  the  mouth  of  the  corolla.  When  this 
arm  is  touched  by  an  insect,  it  causes  the  other,  the  pollen-bearing 
lobe,  to  shed  its  pollen.  Self-fertilisation  may  take  place  in  the 
falling  off  of  the  corolla  (352), 

320.  LiNARiA  VULGARIS,  Mill. — The  flowers  which  I  have 
examined  do  not  agree  in  all  points  with  Sprengel's  description. 
Honey  is  secreted  by  the  base  of  the  ovary,  which  is  especially 
prominent  anteriorly,  opposite  the  lower  lip.  As  a  rule  the  honey 
does  not,  as  Sprengel  thought,  leave  the  tip  of  the  spur  empty, 
flowing  down  at  intervals  in  large  drops  which  cannot  reach  the 
bottom  for  the  air  contained  there  ;  but  it  glides  in  a  smooth,  narrow 
groove,  bordered  by  short,  stiff  hairs,  which  passes  from  the  nectary 
between  the  two  anterior  stamens,  and  thence  to  the  tip  of  the  spur, 
which  it  fills  to  a  depth  of  5  or  6  mm.  or  even  more.  In  several 
hundred  flowers  which  I  examined,  I  found  two  which  corresponded 
in  this  point  with  Sprengel's  description,  so  it  seems  probable  that 
he  based  his  account  upon  an  abnormal  specimen. 

The  adjacent  sides  of  the  two  inferior  stamens  are  closely  beset 
with  pointed  processes  at  their  base,  which  protect  the  honey  from 
short-lipped  insects,  when  such  succeed,  as  ants  frequently  do,  in 
entering  the  flower.  The  hairs  bordering  the  groove  protect  the 
honey  in  like  manner  from  insects,  and  also  help  to  keep  it  in  its 
course ;  the  length  of  the  spur  would  be  of  no  advantage  unless 
the  honey  were  strictly  confined  to  it 

The  length  of  the  spur  (10  to  13  mm.)  excludes  short-lippod 
bees  from  the  honey,  and  flies  and  beetles  are  prevented  fruui 
entering  the  flower  by  the   tumid  lower    lip,  which    completely 
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closes  the  tube ;  by  these  characters  the  flower  becomes  exclusively 
adapted  for  those  most  diligent  of  fertilising-agents,  the  long- 
proboscised  bees.  The  palate  of  the  lower  lip  is  of  a  bright  orange 
colour,  forming  a  "pathfinder"-;  guided  by  this,  the  bee  presses 
down  the  lower  lip,  and  creeps  so  bx  into  the  tube  as  to  be  able  to 
thrust  its  head  into  the  wide  part  of  the  spur  and  then  reach  the 
honey.  In  doing  this,  the  back  of  the  bee  comes  in  contact  with 
the  anthers  and  stigma ;  these  are  matured  simultaneously,  and  the 
stigma  lies  between  the  shorter  and  longer  pairs  of  stamens,  so  that 
the  bee  can  bring  about  both  cross-  and  self-fertilisation.  Probably, 
if  pollen  from  another  and  from  the  same  flower  are  applied  to  the 
stigma,  the  former  outstrips  the  latter.  In  absence  of  insects,  self- 
fertilisation  is  possible.     The  visitors  consist  exclusively  of  bees. 

Visitors:  Hymenoptera — (a)  Apidce :  (1)  Apis  niellifica,  L.  9,  very  ab. 
To  suck,  it  creeps  almost  entirely  into  the  flower  and  thrusts  its  head  into  the 
wide  entrance  of  the  spur,  which  it  empties  down  to  a  depth  of  2 — 3  mm.  It 
creeps  out  again  with  its  back  covered  with  pollen,  and  proceeds  more  fre- 
quently to  flowers  at  the  same  height  on  neighbouring  plants  than  to  higher 
flowers  on  the  same.  In  other  cases  I  have  seen  the  honey-bee  bite  a  hole  in 
the  spur,  and  empty  it,  as  Sprengel  describes.  Sprengel  has  correctly  described 
its  behaviour  while  collecting  pollen  :  "  It  slightly  separates  the  low^er  lip  of  the 
corolla  from  the  upper,  and  thrusts  its  head  so  far  in  as  to  reach  the  anthers 
and  obtain  their  pollen."  (2)  Bombus  terrestris,  L.  ? ,  sucking  normally.  It 
inserts  its  head,  thorax,  and  forelegs,  into  the  flower,  then  thrusts  its  proboscis 
(7 — 9  mm.)  almost  to  the  tip  of  the  spur,  and  emerges  with  the  upper  surface 
of  its  head,  pro-  and  meso-thorax  thickly  covered  with  pollen.  Sometimes  it 
sweeps  off  part  of  this  pollen  with  the  brushes  on  its  fore  and  midlegs,  and 
places  it  on  the  hindlegs.  Sprengel's  idea  that  the  large  humble-bees  do  not 
enter  the  mouth  of  the  flower  is  accordingly  erroneous.  (3)  Bombus  hortorum, 
L.  9  9  ft^d  cJ  •  I  have  very  frequently  seen  this  bee  empty  the  flowers  of  their 
honey,  which  it  can  do  more  quickly  owing  to  the  length  of  its  proboscis 
(17 — 21  mm.)  than  the  preceding  species.  Even  the  males  sometimes  swept  the 
pollen  off  their  heads  with  their  forelegs,  and  always  had  a  number  of  pollen- 
grains  on  all  their  tarsal  brushes  ;  (4)  Megachile  maritima,  K.  (J  (8 — 9),  s.  ; 
(5)  Osmia  aenea,  L.  ?  (9 — 10),  repeatedly,  s.  and  c.p. ;  (6)  O.  leucomelaena,  K, 
(parvula,  Duf.),  ?  (2i),  c.p. ;  (7)  Anthidium  manicatum,  L.  ?  (J  (9 — 10),  ab., 
both  8.  and  (?)  c.p.  ;  (8)  Andrena  Gwynana,  L.  ?  (24),  c.p. ;  (6)  Formicidm  : 
(9)  Various  species,  ab.,  s. 

Delpino  observed  Liimria  vulgaris  fertilised  by  the  hive-bee  and 
by  Bombus  italicus  (172). 

Li^utria  alpina,  Mill.,  is  likewise  adapted  for  humble-bees,  but  is 
visited  by  Lepidoptera  also  (609). 

Linaria   minor,  Desf.,    is   very  rarely   visited   by  insects,    and 
fertilises  itself  regularly  (590,  ill). 
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Linaria  Cymbalaria,  Mill,  is  visited  chiefly  by  bees  (590,  ill.). 
Cleistogamic  flowers  occur  io  Linaria  according  to  Michalet  (524) 
and  Kuhn  (399). 

321.  Antibrhinum  majus,  Li^ — This  plant  differs  from  Linaria 
vulgaris  (1)  in  the  much  greater  size  of  its  flowers,  into  which  our 
largest  humble-bees  can  enter  bodily,  (2)  by  its  more  firmly  closed 
entrance,  which  excludes  the  smaller  bees,  (3)  in  its  nectaries  and 
honey  receptacles. 

The  honey  is  secreted,  as  Sprengel  suggested,  by  the  smooth, 
green,  fleshy  base  of  the  ovary,  whose  upper  part  is  paler  in  colour 
and  covered  with  fine  hairs;  but  it  does  not  flow,  as  Sprengel 
thought,  down  into  the  short  spur — which  is  hairy  within,  and  for 
that  reason  unfitted  to  be  a  honey-receptacle,  but  it  remains  ad- 
herent to  the  nectary  and  to  the  base  of  the  anterior  stamens.  The 
short  wide  spur  permits  the  insect's  proboscis  to  reach  the  honey 
from  below ;  above  and  in  front  it  is  protected  by  a  thick  fringe  of 
stifle,  knobbed  hairs  on  the  angles  of  the  anterior  stamens. 

The  flowers  are  fertilised  chiefly  by  humble-bees,  of  which  I 
have  observed  the  following  species :  (1)  Bombus  hortorum,  L. ; 
(2)  B.  terrestris,  L. ;  (3)  B.  agroimm,  F. ;  (4)  B.  silvarum,  L.; 
(5)  B.  lapidarius,  L.  The  females  and  workers,  and  in  late  summer 
the  males  also,  creep  bodily  into  the  flower,  and  creep  out  backwards 
dusted  on  their  backs  with  pollen.  From  time  to  time  they  brush 
off  the  adhering  pollen  from  their  thorax  with  the  tarsal  brushes 
of  the  fore  and  midlegs,  and  from  the  abdomen  with  the  tarsal  brushes 
of  the  hindlegs.  Not  only  the  females  and  workers,  but  the  males 
also,  perform  this  action,  which  seems,  therefore,  to  be  done  more  for 
cleanliness  than  to  collect  the  pollen,  though  the  females  and  workers 
naturally  make  use  of  it,  placing  it  in  the  pollen-baskets  on  their 
hindlegs.  I  have  also  seen  Anthidium  manicaium,  L.  ? ,  Megachile 
fasciata,  Sm.  i ,  and  Osmia  rufa,  L.  ? ,  creep  into  the  flower  and 
emerge  with  their  backs  covered  over  with  pollen.  Smaller  bees 
only  exceptionally  creep  into  still  fresh  flowers,  and  are  useless  to 
the  plant :  I  have  only  once  seen  Megachile  centuncidariSy  L.  ? , 
succeed  in  entering ;  on  the  other  hand  I  have  repeatedly  seen 
small  species  of  Halictiis  {H.  zonvlus,  Sm.  ? ,  H.  morio,  F.  9 ,  If, 
Smeathmanellus,  K.  ?)  flying  from  flower  to  flower  until  they 
reached  an  old  flower,  which  in  withering  had  opened  slightly  and 
permitted  them  to  enter.  This  showed  clearly  how  far  the  fast 
closure  of  the  mouth  is  useful  to  the  plant;  if  the  small  bees 
could  enter  fi"om  the  first,  they  would  use  up  much  of  tlu^  honey, 
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aud  Lhe  flowers  would  be  less  diligently  visited  by  the  liiunble- 
beea. 

Dr.  Ogle  found  that  Antirrhmum  produced  no  seed  when 
protected  from  insects  by  a  tent  of  gauze  (632). 

MaurtDidia,  Ort„  Ckelone,  L.,  and  Pent-sleiium,  L'Her.,  are,  ac- 
cording to  Delpino,  proterandrous,  tbe  style  coming  to  occupy  the 
place  of  the  stamens.  In  tlie  two  last  genera,  the  etamens  are 
broad,  fleshy,  and  hollowed  out  at  the  base  to  secrete  and  lodge  the 
honey.  Pcntstcm-on  is  fertilised  by  Bomhis,  AnUiidiam,  and  Apis. 
{178,  360).  The  position  of  the  fifth  stamen  in  Ptnistemon  and 
its  frequent  partial  or  complete  abortion  has  been  discussed  by 
Dr.  O^le  {632).  A  very  thorough  account  of  the  floral  mochaniam 
of  FeiUstemtm  is  given  by  Errera  (230). 

322.  SCROFHULA.BU.  NODOSA.,  L. — In  most  Lamiales  and  Per- 
souales  the  anthers  lie  in  two  pairs,  one  behind  the  other,  aud 


touch  an  insect- visitor  on  the  dorsal  surface ;  the  atignia  then,  to  in- 
sure cross- fertilisation,  must  also  touch  the  insect  on  the  back,  and 
tbe  style  can  scarcely  lie  elsewhere  than  between  the  two  pairs  of 
stamens,  along  the  upper  part  of  the  corolla.  The  superior  stamen 
comes  in  the  way,  and  accordingly  disappears ;  ^  it  has  no  chance  of 
reappeaiiug  permanently,  for  it  is  directly  injurious,  aud  is  weeded 
out  by  natural  selection.  I  have  only  once  found  a.  flower  of 
Cr.  Di--  0«i«,  No.  631,  p.  51. 
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Lamium  cUbum  with  five  stamens ;  the  upper  lip  was  absent,  and 
the  fifth  stamen,  which  stood  behind  the  other  four,  was  well 
formed,  but  shorter  than  the  others. 

In  Scrophularia,  on  the  other  hand,  the  anthers  come  in  contact 
with  the  ventral  surface  of  the  insect.     The  fifth  stamen  is  thus 
useless,  but  not  injurious ;  whether  it  be  present  or  absent  is  of  no 
importance,  and  it  is  therefore  beyond  the  influence  of  natural 
selection.    Accordingly,  the  small  black  scale-like  appendage  on  the 
upper  wall  of  the  corolla  in  Scrophvlaria  (c,  1,  2,  3),  which  repre- 
sents the  fifth  stamen,  shows  not  unfrequently  more  or  less  com- 
plete reversion  to  its  primitive  form  (4-7,  Fig.  146).     The   more 
completely  it  approaches  its  typical  form,  the  more  perfect  also  are 
the  pollen-grains  which  it  bears ;  thus  in  the  anther  k,  4,  not  half  of 
the  pollen-grains  attained  the  normal  size  (f^  mm.  in  diameter) ; 
most  of  them  were  much  smaller  (|iJ  mm.)  and  shrunken  ;  in  the 
anther  k,  7,  only  a  few  pollen-grains  fell  short  of  the  normal  size. 
In  exceptional  cases  the  anther  even  dehisces,  and  lets  part  of  its 
pollen  escape. 

The  flowers  of  Scrophularia  are  remarkable  for  being  speci- 
ally  visited   by   wasps.      The   wide    globular    corolla    is    about 
5  mm.  in  diameter,  and  in  its  base,  near  the  superior  side,  two 
large  drops  of  honey  may  be   seen,  which  are  secreted   by  the 
yellowish  base  of   the  ovary.     Wasps  visit  the  flowers  in  great 
numbers ;  clinging  with  all  six  legs  to  the  outside  of  the  flower, 
with   the  abdomen  applied  to  it  below,  they  easily  insert  their 
heads  between  the  upper  and  lateral  lobes  of  the  corolla  and  reach 
the  honey  with  very  little  loss  of  time.^     In  young  flowers  they 
touch  the  stigma,  and  in  old  flowers  the  anthers  with  the  under- 
side  of  the   head   and   of  the  pro-  and  meso-thorax,   and    thus 
regularly  fertilise   younger   flowers   with    the    pollen  of  old,   as 
Sprengel  showed.     Severin  AxelFs  doubts  regarding  the  possibility 
of  proterogynous   dichogamy  in   entomophilous   flowers   may  be 
easily  refuted  by  observing  Scrophularia  in  flower  in  the  open  air. 
For,  as  Sprengel  showed  and  as  I  have  repeatedly  observed,  flowers 
aie  constantly  to  be  seen  whose  stigmas  are  covered  with  pollen, 
but  whose  anthers  are  still  unripe  and  hidden  within  the  corolla. 
Sprengel  is  wrong  in  saying  that  fertilisation  can  only  be  effected 
by  insects.      The  stigma,  when  supplied  with  pollen  by   insects, 
bends  down  over  the  lower  lip  and  withers,  while  the  anthers  ripen 
and  project  beyond  the  lower  border  of  the  corolla ;  but  in  absence 
of  insects,  as  I  have  frequently  seen  in   plants   flowering  in  my 

*  See  SprvDgel  (702),  Title-page,  fig.  xxv. 
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room,  the  stigma  remains  fresh  and  outstrip tched,  while  the  anthers 
dehisce  immediately  above,  letting  part  of  their  pollen  fall  upon  it. 
I  have  likewise  observed  on  plants  in  my  room  that  such  self-fertili- 
sation regularly  produces  capsules  filled  with  well-formed  seeds. 
In  long-continued  cold  and  wet  weather,  when  neither  wasps  nor 
bees  are  about,  all  the  capsules  of  Scrophulana  are  well  filled. 

In  sunny  weather  cross-fertilisation  never  fails,  for  all  our  wasps, 
except  V.  Crabro,  are  frequent  visitors. 

According  to  Mr.  A.  S.  Wilson,  wasps  on  Scropkularia  begin  at 
the  top  of  the  inflorescence  and  proceed  downwards ;  so  that  here 
the  crossing  of  separate  plants  is  insured  just  as  it  is  in  protenmd- 
rous  plants  with  elongated  inflorescences  {e.g.  Labiate),  where  the 
fertilising-agents  (bees)  proceed  from  below  upwards  (778}, 

Eymenoptera — (o)  Vetpidii :  (1)  Vespa  vulgaris,  L. ;  (2)  V.  rufa,  L. ;  (3) 
V.  germanica,  F, ;  (4)  V.  medift,  t)^. ;  (5)  V.  holsatica,  F.,  all  8,,  very  nb ; 
(t)  Apida :  (6)  Boiubua  agrorum,  F.  ?  5 ,  a.,  scarce  ;  (7)  Halictiia  HexnoUtua, 
K.  5,  8.  and  cp.  j  (8)  H,  lonulug,  Sm.  (J,  b.  j  (9)  H.  fluvipes,  F.  ij,  a.  See 
also  No.  J90,  m. 

SeropTvuiaria  aquatica,  L. — The  floral  mechanism  and  the  insect- 
visitors  are  similar  to  those  of  S.  nodosa  (590,  iii.). 

Scrophularia  occurs  with  cleistogamic  flowers  (Kuhn,  No.  399). 
The  most  thorough  account  of  the  fertilisation  of  Sa-ophularia  ia 
given  by  Mr.  W.  Trelease,  who  also  gives  a  ria^imi  of  the  special 
literature  {737). 

Collinsia  bicolor,  Bth.,  and  C.  vema,  Nutt — In  these  flowers  the 
stamens  and  style  lie  near  the  lower  side  of  the  flower ;  the  fifth 
stamen,  modified  into  a  honey-gland,  and  the  honey -receptacle, 
which  consists  of  a  pouch  near  the  base  of  the  corolla,  are  on  the 
upper  wall.  The  flower  imitates  very  closely  the  Papilionaceous 
type,  even  to  the  production  of  alse,  vexillum,  and  carina. 
(Delpino,  No.  178},  In  absence  of  insects,  the  flowers  fertilise 
themselves,  and  are  fertile  to  their  own  pollen  (363). 

Minulus  luieus,  L.  (M.  ffuttatits,  D.C.) — Bees  entering  the  flower 
touch  first  the  inferior  lobes  of  the  stigma,  which  cover  up  the 
anthers.  Immediately  afterwards  the  stigmatic  lobes  fold  up  and 
expose  the  anthers  to  be  touched  by  the  bee,  which  thus  becomes 
dusted  with  fresh  pollen  (Batalin,  No.  38). 

The  case  of  M.  Titlingii  is  quite  similar  (Behrens,  No.  49). 

Glossostigma  elatinoides,  according  to  Cheeseman,  has  a  similarly 
irritable  stigma  (132). 

JUimulm  {Diplaeits)  gliUinosits,  Wendl.,  var.  /9  {D.  puniceus, 
Nutt.),  behaves  in  the  same  manner  (Hildebrand,  No.  352). 
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Vandellia,  L.,  has  cleistogamic  flowers  (399). 

323.  DioiTALiTis  PUHPUHEA,  L. — Hone;  is  secreted  by  od 
annular  ridge  surrounding  the  base  of  the  ovary  (a,  1,  2,  Fig.  147). 
This  ridge  is  not  '  covered  thickly  with  short  hairs '  as  Sprengel 
described  it,  but  is  perfectly  smooth ;  the  ovary  only  becomes  hairy 
alwM  the  ridge. 

The  anthers  and  stigma  lie  pointing  downwards  near  the  upper 
wall  of  the  corolla.  The  longer  stamens  are  ripe  before  the  shorter 
ones,  and  these  before  the  stigma.     The  dimensions  of  the  flower 


BUggest  that  it  is  adapted  for  hunjble-bces,  for  no  other  native 
insects  are  lat^e  enough  to  touch  the  stigma  and  antliers  with 
their  backs  when  creeping  into  the  tube;  and,  as  a  matter  of  fact, 
humble-bees  are  tlie  only  fertilisers  of  the  Foxglove.  Sprengel,  on 
the  title-page  of  liia  work,  represents  B.  icrrcslris,  ?,  creeping  into 
this  flower.  When  bees  frequent  the  plant  abundantly,  all  tlie  four 
anthers  are  emptied  of  their  pollen  before  the  stignialic  lubes 
(A,  1,  Fig.  147)  separate.  In  absence  of  humble-bees,  the  imtheis 
remain  covered  with  pollen  until  the  stigmatic  lolxs  have 
spread  apart ;  and  then  when  the  corolla  falls  off  this  jxjllen  is 
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brouglit  io  contact  with  the  stigma,  or  some  may  even  have  fallea 
on  the  Btignia  previously.  The  flowers  almost  always  bear  seed, 
even  in  long-continued  rainy  weather,  and  therefore  it  is  probable 
that  self- fertilisation  is  effective ;  Hildebrand's  experiments  are  no 
evidence  of  the  contrary,  for  he  only  showed  that  the  stigma  before 
opening  is  incapable  of  fertilisation  (342).  The  large,  widely-open 
flowers,  naturally  receive  many  unbidden  and  useless  guests.  If  tlie 
plant  is  thus  at  a  disadvantage  in  comparison  with  A7UirrkittU7H, 
it  has  at  least  the  advantage  of  letting  its  fertilising  agents  do  their 
work  more  quickly,   visiting  more  flowersin  a  given  time. 

VisitorB :  A,  Hymenoptura— Jjiirfre ;  (1)  Butnbus  tcrreBtria,  L.  ?  ;  (!) 
B.  liorliirum,  L.  $  ;  (3)  B.  ngrorum,  F.  ? ,  all  three  ab.,  b.  ;  (4)  Andrena  coitana, 
K.  S  (Sid.),  ab.,  cp. ;  (5)  Hatictus  cylindricua,  F.  ?,  ab.,  cp.  B.  Coleoptcra 
— (o)  NUiilutir/te:  (6)  Meligethes,  very  ab. ;  (b)  Ornptophnij'vUe  :  (7)  Antliero- 
phagiu  pftlleiiB,  01.,  scarce ;  [e)  ifaUieoderautla  :  (8)  Daaytes.  Tlie  last  live 
are  quite  useless  viaitorg. 

Digitalis  bUea,  L.,  is  fertilised  by  Smnhis  hortorum,  L.,  which 
can  only  insert  its  head  into  the  corolla  (609). 

Digiialis  ambigua,  Murr.  {D.  grandijlorn.  Lam.),  is  fertilised  by 
humble-bees,  which  creep  bodily  into  the  corolla.  The  flower  is 
proterandrous,  and  bees  begin  at  the  base  of  the  raceme  and  pro- 
ceod  upwards  (590,  III.;  609), 

324.  Veronica  Chasledrts,  L. — Honey  is  secxeted  by  a 
yellowish  fleshy  disk  below  the  ovary,  and  lies  in  the  base  of  the 
tube  sheltered  from  rain  by  hairs  on  the  corolla.  The  flowers  are 
rendered  conspicuous  by  their  bright  blue  colour,  and  by  associa- 
tion in  racemes ;  dark  blue  radiating  lines  and  a  central  white  spot 
on  the  limb  of  the  corolla  guide  insects  towards  the  honey.  The 
anthers  and  stigma  ripen  together ;  the  style  points  obliquely 
downwards  in  front  of  the  anterior  (inferior)  petal,  the  two  stamens 
diverge  on  either  side,  and  stand  opposite  to  the  lateral  petals ; 
fertilisation  can  therefore  only  he  effected  by  the  aid  of  insects. 
The  anterior  petal  forms  the  most  convenient  landing-place,  and 
the  stigma  is  usually  touched  before  the  anthers  by  the  ventral 
surface  of  the  insect.  The  insect  next  tries  to  cling  to  the  en- 
trance of  the  short  tube  with  its  forelegs,  and  in  doing  so  it 
catches  hold  of  the  thin,  flexible  bases  of  the  stamens :  quite 
unintentionally  it  draws  the  stamens  inwards  beneath  it,  and  dusts 
its  ventral  surface  with  pollen.  The  thinning  of  the  style  at  its 
base  is  another  adaptation  towards  this  plan  of  cross-fertilisation, 
for  it  insures  that  the  stigma  shall   be  touched  by  the  ventral 
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surface  of  the  insect,  and  allows  of  the  style  being  so  slightly  in- 
clined that  its  presence  does  not  interfere  with  the  insect  when 
alighting.  An  insect  alighting  on  one  of  the  lateral  petals  some- 
times draws  the  stamen  opposite  to  this  petal  against  its  body,  but 
with  far  less  certainty.     The  chief  visitors  are  Syrphidoe. 

Visitors:  A.  Diptera — Syrphidce:  (1)  Rhingia  rostrata,  L.,  s.,  freq.  ;  (2) 
Melanostoma  mellina,  L.  ;  (3)  Ascia  podagrica,  F.,  both  very  abundant.  I 
repeatedly  saw  both  effecting  cross-fertilisation  in  the  manner  described.  B. 
Hymenoptera — Apida  :  (4)  Apis  mellifica,  L.  § ,  c.p. ;  (5)  Andrena  Qwynana, 
K.  9  ;  (6)  A.  fulvicrus,  K.  $  ;  (7)  Halictus  longulus,  Sm.  9 ,  the  last  tlirce 
both  8.  and  cp.  C.  Coleoptera — Cistelidoi:  (8)  Cistela  rufipes,  F.,  devouring 
the  anthers.    See  also  No.  590,  ni.,  and  No.  609. 


Fio.  lifi.— Veronf en  Chamadryt,  L 

1.— Flower,  viewed  from  the  front. 

2.—  Small  fly  {A§eia  podagriea.  ByryhUiai)  hovering  in  fh>iit  of  the  flower,  attracted  by  its  colour. 
3.— Mower  ut  the  moment  when  the  fly.  ulightlnc  on  the  inferior  petal,  grasps  thu  Itoscs  of  the 
filaments,  nnd  strikes  the  authets  together  against  the  under  surface  of  its  iKxly. 
4.— CcLtre  of  the  flower,  twice  as  much  enlarged. 
6. — Pistil  and  nectary, 
rt.  -  Calyx,  with  pistil  and  nectary. 
7.— Tube  in  longitudinal  section. 
idf  protecting  hairs ;  gr,  stylo. 

Veronica  urticifolia,  L.,has  a  similar  floral  mechanism  to  that  of 
V.  Chamccdrijs,  and  is  likewise  fertilised  by  Syiyhidce,  The  honey 
is  quite  exposed  without  any  contrivance  to  shelter  it.  The  flowers 
are  rose-pink,  which  is  probably  a  more  primitive  colour  than 
blue  both  in  Veronica  and  in  Myosotis  (589,  609). 

Veronica  nwntana,  L.,  is  more  conspicuous  and  more  abundantly 
visited  by  insects  than  V,  Chama:di^s  (590,  609). 

325.  Veronica  Bec^cabunga,  L. — This  species  agrees  with  V, 
Chamccdrys  in  regard  to  its  nectaries  and  also  in  the  means  a(lopte<l 


440  THE  FEBTHISAOION  OF  FLOWERS.        [put  ui. 

for  sheltering  aiid  pointing  out  the  honey.  It  differs  &om  it  only 
in  certain  apparently  trivial  points,  viz.  in  the  development  and 
position  of  the  style  and  stamens : — ^yet  these  apparently  tnfling 
differences  greatly  influence  the  mode  of  fertilisation  and  the 
possibility  of  self-fertilisation  in  the  absence  of  insects. 

When  the  flower  opens,  the  stigma  is  already  well-developed  ; 
it  is  provided  with  long  papilla,  and  capable  of  holding  fast  pollen 
applied  to  it.  The  anthers  still  remain  closed.  The  stamens  and 
style  project  forwards  in  a  straight  line  from  the  flower  and  afford  a 
standing-place  for  insects.  In  cold,  windy,  or  rainy  weather  the 
flowers  only  open  partially,  and  the  anthers  remain  in  contact  with 
the  stigma,  leading  to  regular  self-fertilisation.  Id  warm  sunshine 
the  petals  expand  widely,  coming  to  lie  almost  in  one  plane  ;  the 
stamens  are  caused  thereby  to  diverge  more  and  more,  and  the 
anthers  are  thus  removed  to  a  distance  from  the  stigma  before 


Fio.  Ut.—rmmiia  & 
—Flower,  vlmred  obllqmiT  rron  «i»™.  » thit  the  upper  peUl  i>  fjreiih.>rt4nea  (  s  S'. 
-Corolta,  ifUr  nmovi,]  of  thn  stiiiieiu.  ylewnl  from  the  front  ( x  3). 
-Floww,  nfler  ntnonU  rif  corulta  incl  elameni.  tea  Ifom  Die  .ld«  (x  7). 
.aljx;  fc.frnlli.;  f,  lUmm:  d.onrf:  '.  rtyle ; /,  iliginm ;  f.  nrrUrj  feimn:;  V  pftciOing 


dehiscing.  Insects  frequent  the  plant  in  considerable  numbers. 
The  most  abundant  visitor  is  a  small  species  of  Syrphidau,  Syritia 
pipieTts,  L. ;  hovering  backwards  and  forwards  in  its  jerky  Sight 
before  the  flowers,  it  suddenly  alights  on  one ;  sometimes  it 
settles  on  the  projecting  style  and  stamens,  which  bend  beneath  it« 
weight,  and  creeps  forward  a  step  or  two  in  order  to  tbnist  its 
jwoboscis  (3  mm.  long)  into  the  tube  (1  mm.) ;  sometimes  it  alights 
on  the  anterior  or  on  one  of  the  lateral  petals,  and  pulls  down  one  of 
the  stamens  with  its  forefeet  until  it  can  reach  the  pollen  with  its 
proboscis.  It  thus  brings  various  parts  of  its  body  in  contact  with  the 
anthers  and  stigma,  and  performs  sometimes  cross-fertilisation,  some- 
times self-fertilisation.  Most  usually  cross-fertilisation  results,  for  tlie 
nsect  alighting  on  the  projecting  style  and  stamens  usually  touches 
**^  stigma  with  the  ventral  surface  of  its  body,  already  dusted  with 
•  species  of  Syrphida^,  Ascia  poda^rica,  F.,  visits 
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the  flowers  very  abundantly  and  in  a  similar  way.     All  other 
visitors  come  as  stragglers. 

A  Diptera— (a)  Syrphida :  (1)  Syritta  pipiens,  L. ;  (2)  Ascia  podagrica, 
F.  ;  (3)  Erbtalis  sepulcralis,  L.,  s.  and  f.p. ;  (6)  Muscida :  (4)  Scatophaga 
stercoraria,  L.,  a.  and  f.p.,  also  Beveral  small  Muscidae.  B.  Hymenoptera — 
Apida:  (5)  Apis  mellifica,  L.  $,8. ;  (6)  Andrena  parvula,  K.  $,8.  and  c.p.  ; 
(7)  Halicttis  sexstrigatus,  Schenck,  $ ,  s.  and  cp. 

826.  Veronica  officinalis,  L — ^The  flowers  do  not  open  so 
widely  even  in  warm  sunshine  as  do  those  of  V,  Chamccdrys.  In 
fully  expanded  flowers  the  upper  and  lower  petals  only  diverge  at 
an  angle  of  70"*  to  80^  and  the  two  lateral  petals  at  90°  to  100°. 
The  two  stamens,  which  are  very  thin  at  the  base,  project  from  the 
flower  at  an  angle  of  30°  to  40°  from  one  another,  and  from  the 
style  which  stands  below  them.  Insect-visitors  touch  the  stamens 
and  stigma  with  various  parts  of  their  bodies,  and  lead  to  cross- 
and  self-fertilisation  iudiscriminately.  In  flowers  kept  in  the  house 
and  protected  from  insects,  the  stamens  bend  iuwards  and  down- 
wards as  they  begin  to  wither  until  they  touch  each  other  and  the 
stigma,  producing  self-fertilisation.  The  thinning  at  the  base  of 
the  stamens,  which  in  V.  Ghamcedrys  was  shown  to  assist  insects  to 
perform  cross-fertilisation,  is  here  seen  to  aid  self -fertilisation  only. 

A  Diptera— (a)  Empidce :  (1)  Empis  livida,  L.,  s.,  ab. ;  (ft)  Syrphidie  : 
(2)  Helophilos  floreus,  L.,  s.  ;  (3)  Syritta  pipiens,  L.,  ab.,  s.  B.  Hymenoptera 
— Apidie :  (4)  Halictus  albipea,  F.,  c.p. ;  (5)  Bombus  (Apathus)  vestalis, 
Fourc.  ? ,  s.  ;  (6)  B.  Barbutelliis,  K.  9 ,  s., — this  large  bee  seemed  dissatisfieil 
with  the  small  amount  of  honey,  for  after  visiting  a  few  flowers  it  went  off  to 
GUchoma  hederarea.     See  also  No.  609. 

327.  Veronica  spicata,  L.  (Thuringia).—  V.  spicata  shows  a 
remarkable  teadency  to  vary  between  proterandrous  and  pro- 
terogynous  dichogamy.  On  many  plants,  the  style  protrudes 
before  the  flower  is  fully  opened  (6,  4),  and  curves  downwards 
and  ripens  its  stigma  before  the  anthers  dehisce  (6,  5).  On  other 
plants,  when  the  flower  opens,  the  style  is  much  shorter  than 
the  stamens  (6,  1,  2),  and  only  reaches  its  full  length  and 
ripens  its  stigma  when  the  anthers  have  been  emptied  of  their 
pollen  (6,  3). 

On  plants  of  both  sorts,  flowers  not  unfrequently  occur  whose 
styles  never  reach  their  full  development,  but  remain  concealed  in 
the  tube ;  and  on  some  plants  this  is  the  case  throughout  all  the 
flowers.  These  aborted  styles  are  often  double  (6,  8).  Honey  is 
secreted  by  the  fleshy  base  of  the  ovary  {h,  6,  7) ;  it  lies  in  the 
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tube  of  the  corolla,  wLich  is  about  2  to  3  mm.  long,  and  is  sbeltered 
from  rain  by  a  ring  of  long  stiff  hairs  at  the  mouth  of  tho  tube. 
In  case  of  insect -visits,  cross-fertilisation  is  insured  by  the  proter- 
androus  or  proterogynous  condition,  and  by  the  situation  of  the 
atigma  which  projects  beyond  the  anthers.     I  haw  never  observed 
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self-fertilisation,  though  it  niay,iiriw 
falling  on  the  stigma, 

Visitjire  :  Hymenoplora— (a)  Apidrr  .■  (1)  Apio  melliflcfi,  L.  IJ,  e.f.,  or  r.  ; 
it  even  thmsts  Ha  proboscia  into  the  Idwest,  oldest  flowers  whose  enrolls 
have  fallen  off;  (2)  Prusopia  wminninin,  Nyl.  9Ji  ■■  :  W  SphegUlie : 
(3)  Pmmmophik  viatica,  L.  .J,  8.  ;  (4)  Cerccrie  labiala,  F,  J  jj,  nb.,  b.  ;  (6) 
C.  nasuta,  Kl.  a. 

Near  Bozen  according  to  Gerstiicker,  V.  npicata  is  visited  chiefly 
by  species  of  XyJocopa  (X.  violacea,  L.,  X.  eymifscena,  Bnill^,  X. 

valffa,  Gerst.}. 


328.  Veeonica  hedeii.*:folia,  L, — The  small,  solitary,  pale 
flowers  are  less  conspicuous  than  those  of  any  other  species  described 
here ;  they  are  very  seldom  visited  by  insects,  but  almost  without 
exception  bear  good  seed,  aad  the  Bpecies  is  one  of  the  commonest  of 
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its  genus.  The  presumption  that  this  results  from  self-fertilisation 
is  increased  by  watching  the  plant  when  protected  from  insects. 
When  the  flower  opens,  the  anthers  are  seen  to  have  already  de- 
hisced, and  to  have  their  pollen-covered  surfaces  applied  to  the 
stigma.  I  have  myself  observed  that  when  insects  are  excluded 
the  plant  regularly  bears  good  seed. 

The  honey  is  secreted  and  sheltered  as  in  K.  Chamcedrys ;  the 
stamens  are  however  not  thinned  at  their  bases.  Even  in  case  of 
insect-visits,  cross-fertilisation  is  not  rendered  more  probable  than 
self-fertilisation ;  but  when  it  does  occur,  its  action  probably  has 
the  mastery. 

I  have  only  seen  this  flower  visited  by  insects  occasionally  in 
the  first  sunny  days  of  spring ;  later  in  the  season,  the  competition 
of  other  flowers  causes  it  to  be  neglected. 

Visitors  ;  Hymenoptera — Apida :  (1)  Andrena  parvula,  K.  9,8.;  (2)  Ha- 
lictus  nitidiusculus,  K.  9  ;  (3)  H.  leucopus,  K.  9  ;  (4)  H.  albipes,  F.  9 »  *ill 
three  rather  abundant,  sucking  on  a  small  slope  where  few  other  plants  were 
in  flower  (AprU  11,  1869). 

Veronica  affrestis,  L.,  possesses  the  same  floral  mechanism  as 
V.  Chaviccdi^s,  but  in  an  imperfect  or   rather  in  a  retrograde 
condition  (590,  III.). 

329.  Veronica  serpyllifolia,  L. — The  flowers  are  rendered 
more  conspicuous  than  those  of  V,  ficderccfolia,  by  dark  violet  lines 
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Fio.  m.— Veronica  $rrpyUi/olia,  L- 

1  —Flower,  front  view. 

2.— Diagram  of  tlitto 

a,  stigma ;  b,  btameu  ;  c,  petal ;  d,  lepol. 

on  the  superior  and  lateral  petals.  They  are  doubtless  more 
visited  by  insects,  and  more  frequently  cross-fertilised;  and  accord- 
ingly self-fertilisation  does  not  take  place  at  so  earlj  a  stage. 

In  many  flowers,  the  anthers  are  at  first  closed,  while  the  stigma 
is  fully  ripe;  in  this  condition,  insect-visits  naturally  lead  at 
once  to  cross-fertilisation.  In  most  flowers,  on  the  otlur  Ijand, 
the  stigma  and  anthers  ripen  together;  the  anthers  stand   more 
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or  less  dose  above  and  at  the  sides  of  the  stigma,  toming  their 
poUen-covered  faces  towards  it;  in  many  cases  they  stand  so 
dose  that  the  pollen  in  being  forced  out  is  directly  a}^lied  to 
the  stigma. 

On  plants  which  I  kept  in  my  room,  I  have  seen  CaUiphora 
rrjftMroctpkaJa,  Mgn.  (Muscidae),  sacking  honey  and  fertilising  the 
flowers.  It  thrust  its  proboscis  several  times  into  each,  and  there- 
fore where  anthers  and  stigma  had  ripened  together,  it  performed 
cross-  and  self-fertilisation  indifferently. 

J".  sajtatiiU,  Sep.  (  F.  /nc/tmiu;  Jacq.). — ^The  small,  but  brightly 
coloured  flowers  of  this  plant  are  fairly  conspicuoos,  and  secrete 
abundant  honey.  The  visitors  are  numerous,  and  the  meidianism 
of  fertilisation  is  the  same  as  that  of  V.  C^mctdryg, 

1\  heiiidioidts,  L.,  has  no  trace  of  the  special  adaptations  for 
cross-fertilisation  that  V.  Ckamutdiys  shows;.  Insect-visitors  are 
scarce,  and  cross-fertilisation  can  only  take  |daoe  if  they  happen  to 
touch  the  stigma  and  anthers  with  different  parts  of  their  bodies. 

V.  oJpifM^  L. — The  tiny  flowers  are  very  rarely  visited  by 
insects,  and  in  dull  weather  they  remain  closed  and  fi^tilise 
themselves.^ 


REVIEW  OF  THE  GESVS  VEBOXICA. 

In  this  ffenu^  as  in  Polv^onum,  Geranium,  and  others,  the  cer- 
tainty  of  civxss-fertiiisation  in  cast  of  insect-visitii,  and  the  abandon- 
ment of  the  power  of  s<:lf-fertilisaiion  even  in  absence  of  insects, 
run  par^lk-l  with  the  conspicuousness  of  the  flowers  and  the  con- 
siequent  certainty  of  their  being  visited.  The  chief  species  that 
wv  have  discussed  may  be  arrs^ged  in  tlie  following  <»der  of 
c>i>ns|»cuvHi$ness.  taking  into  acoc'unt  the  appearuice  of  the  whole 
inflorescence: — V   H  fl'w*i/<i,  ,f '   F.  CA:.3,9;tr»irv*.    3    V^c-mcinalis. 

case  c4  inject-visits.  cross^fertilisation  is  rendered  ahs:'lutelv  certain 
in  tire  £rs;-  and  extremely  j^rv«baKe  in  the  s>evx*Dd  of  these,  bat  in 
all  tbe  ress  seif-fcniiisativn  is  just  as  likely.  In  absence  of  insects, 
t«n  ti>c  otber  band,  seif-fertilisation  never  or  very  ruvly  takes  place 
in  tLr  £r55  42>i  seoc'nd ;  in  the  tiiw  it  vor-r?  r^<raIaHv^  bot  onhr 
wbei  the  3ower  withers:  in  the  founh,  it  reoi^Iy  takes  place  in 
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dull  weather  while  the  flower  is  still  fresh ;  in  the  fifth  it  occurs  in 
many  flowers,  and  in  the  sixth  in  all,  at  the  very  outset.  The 
honey  is  secreted  and  guarded  in  rauch  the  same  manner  in  all  six 
species,  and  so  the  likelihood  of  insect-visits  can  only  depend  upon 
the  conspicuousness  of  the  flowers, 

Wtd/enia  mrinikiaca,  Jacq.,  is  proterogynons  (HUdebraud, 
No.  351). 

Bartsia  alptfia,  L.,  is  proterogynous,  and  is  fertilised  by  humble- 
bees.  The  stigma  and  anthers  have  the  same  relative  positions  as  in 
Ehinanthiis  major  (Fig.  156).    Self-fertiUsation  ia  impossible  (6og). 

330.  Odontites  serotina,  Rchb.  (0.  rtdira,  Pers.,  Euphrasia 
Odontites,  L.), — Honey  is  secreted  by  the  lower  parts  of  the  ovary, 
which  is  smooth,  and  swollen  anteriorly  (fi,  6),  while  the  upper  part 


■,  hau  of  the  coroll* ;  b.  necUry ;  r,  uppi-r  h»iry  part  nt  lh«  ortry :  d.  ttti 
imllatlieiuiUiera:/.hiiri  vhlcti  prerent  pjUen  rnjin  IwlnE  ic^ttcniil  at  the  aiili 

i^m  iij  the  bee'a  probnacli. 


,.  .hup  to 


rwAirtg  Uan  ihey  an  here  flgnrcd.J 


is  hairy :  it  is  lodged  in  the  base  of  the  corolla,  whose  tube  is  4  to 
5  mm.  long,  and  smooth  within ;  the  broad  stamens,  which  almost 
block  the  entrance  of  the  tube,  guajJ  it  from  rain,  and  two  to  four 
purple  spots  at  the  base  of  the  lower  Up  serve  as  guides  towards  it. 
The  stamens  almost  touch  each  other  below,  where  they  are 
covered  on  their  inner  sides  wiih  sharp  points ;  close  under  the 
anthers  they  are  smooth  and  lie  more  widely  apart.  A  bee,  after 
alighting  on  the  three-lobed  under -hp,  which  affords  a  convenient 
landing-place,  can  only  thrust  its  proboscis  iato  the  flower  close 
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below  the  anthers,  in  the  position  h,  2,  and  in  doing  so  it  cannot  iai\ 
to  touch  the  downward-pointing  ends  of  some  of  the  anthers.  The 
four  anthers  are  held  togettier  posteriorly  by  matted  haira  (e,  5), 
and  anterioHy  dehisce  from  the  npes  inwards  (5,  Fig.  162)  by  a 
wide  fissure ;  so  that  a  single  touch  on  the  part  of  the  bee  is  com- 
municated to  all  the  anthers,  and  causes  them  all  to  shed  a  part  of 
their  dry,  dusty  pollen.  Hairs  directed  downwards  at  the  edges 
of  the  anthers  (/,  5)  prevent  the  pollen  being  scattered  at  the  sides, 
so  that  great  part  falls  on  the  bee's  proboscis,  and  is  carried  to  the 
stigma  of  another  flower. 

The  development  of  the  flower  of  Odotiiitcs  serotina  varies  in  a 
peculiar  manner,  and  seems  to  depend  upon  the  more  or  less 
sunny  nature  of  the  spot.  The  style  bearing  the  fully -developed 
stigma  usually  projects  far  out  of  the  bud  shortly  before  it  expands 
(1,  Fig.  152),  and  the  flower  can  therefore  he  cross-fertilised  when 
it  is  scarcely  open.  In  shady  places,  for  instance  among  com,  the 
style  lags  behind  while  the  corolla  and  stamens  continue  to  grow, 
so  that  the  stigma  stands  between  the  taller  anthers  and  gets  aelf- 
fertilised  (2,  Fig.  152).  From  the  great  productiveness  of  all  the 
capsules  in  shady  places  where  insect-visits  are  rare,  we  may  con- 
clude that  such  self-fertilisation  ia  efficient.  In  sunny  spots  the 
style  continues  to  grow  along  with  tlie  corolla  and  stamens,  and 
overtops  the  anthers  to  the  last ;  it  may  either  lie  above  the  latter 
(3,  Fig.  1.52)  or  project  at  the  side  (4,  Fig.  152).  In  this  case,  the 
stigma  can  only  receive  pollen  by  the  aid  of  insects,  and  from  other 
(either  older  or  younger)  flowers.  Although  this  difference  seems 
in  general  to  depend  upon  tLc  sunny  or  shady  character  of  the 
spot,  other  unknown  conditions  (perhaps  heredity)  must  co-operate ; 
for  I  have  sometimes  observed  in  the  same  spot,  and  even  on  the 
same  plant,  flowers  which  fertilised  themselves,  and  others  incapable 
of  doing  so. 

An  imperfection  in  the  flowers  deserves  special  mention.  The 
upper  Up,  as  the  figure  shows,  projects  so  slightly  that  the  anthers 
in  great  part  protrude  beyond  it  and  are  unprotected.  This  is 
sometimes  the  case  to  such  a  degree  that  bees  thrust  their  tongues 
into  the  flower  above  tlie  stamens,  and  thus  suck  honey  and  shake 
out  the  pollen  without  leading  to  fertilisation. 

I  have  only  seen  bees  visiting  this  plant. 

(1)  Apia  mellilica,  L.  5 ,  vary  ab.,  tlinisting  its  prolxiBcis  into  ilie  flower 
iisiiiilly  below  llie  stamtns,  but  sometiiues  abuvc  them, — it  inserts  its  pri>li 
even  into  yutiti){  un  ex  pun  (lei!  flnwerH,  witli  long  exsertcd  Btjlee  ;  (3)  Botnbus 
liipiJariuB,  L.  9  t? ,  *.  ;  (3J  B.  Hlvanini,  L.  5  ? ,  a. 
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331.  Odontites  ldtba,  Rchb.  (Behmbei^,  near  Miihlberg, 
Thuringia). — Honey  ia  secreted  by  the  smooth  lower  half  of  the 
ovary,  which  U  hairy  above ;  it  lies  in  the  base  of  the  corolla- 
tube,  which  is  2  J  mm.  long,  and  is  smooth  within,  hut  provided  with 
leflexed  hairs  at  its  moutb.  The  stamens  stand  apart,  but  from 
the  small  size  of  the  flower  they  are  all  easily  touched  at  thu  same 
time  by  an  insect ;  there  is  no  provision  of  hairs  to  prevent  scatter- 
ing of  the  pollen;  the  sUts  by  which  the  anther-lobes  dehisce  are 
narrower  than  in  Euphrasia  officinalis.  The  style  often  protrudes 
from  the  bud  (3,  Fig.  153),  and  Hildubrand  describes  the  dower  a» 
proten^Qmoua ;  in  other  cases  it  is  bent  backwards  in  the  bud, 
under  the  lower  lip,  and  emerges  together  with  the  stniiiuiis  on 
tho  opening  of  the  flower.     The  stigma  comes  to  maturity  at  the 


Fio,  lia.—OinUUtluUa,  Rchb. 

L— Fluwir,  bom  the  iLde  ( x  It . 
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same  time  as  the  anthers,  and  stands  below  and  in  front  of  them ; 
it  is,  therefore,  usually  touched  first  by  insect- visitors.  Jn  ab- 
sence of  insects,  some  pollen  genemlly  falls  upon  the  stigrua.  1 
have  only  once  (August  28,  1869)  seen  a  bee,  Bomhiis  musconun, 
\j.  tj ,  sucking  honey  on  tho  flower, 

Euphrasia  minima,  Schleich.,  is  sparingly  visited  by  insects,  and 
in  their  absence  it  feitilises  itself  regularly.  The  flower  resembles 
iu  structure  the  small -flowered  form  of  E.  officinalis  (i.e.  K.  'jnuilis, 
Jord.)  (609). 

332.  Euphrasia  officinalis  (L.),  Sclik. — Honey  is  socivtcd 
and  sheltered  as  in  Odontitts  serotina.     The  tube  of  the  ■  '' 

4  to  6  niiu.  iMug,  but  wideus  considerably  at  the  outer  e 
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an  insect  with  a  proboscis  less  than  4  mm.  long  can  reach  the 

honey  by  thrusting  its  head  iuto  the  wide  part  of  the  tube. 

The  upper  lip  forms  a  vaulted  roof  over  the  stanieDs  ;  it  shelters 
the  honey  at  the  base  of  the  tube  from  rain,  and  prevents  an  in- 
sect's proboscis  from  being  thrust  in  above  the  stamens,  as  was 
possible  in  Odontites  serotina.  The  three-lobed  under-lip  forms  a 
convenient  landing-place  for  the  smaller  visitors,  and  affords  foot- 
hold for  the  forelegs  of  larger  ones.  An  orange  spot  on  the  under 
lip,  another  at  the  entrance  of  the  tube,  and  dark  violet  lines  con- 
verging towards  the  moutli  on  both  upper  and  lower  lips,  serve  as 
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pathfinders.  As  in  Odontites  srrotina,  the  pollen  is  smooth  and 
powdery,  and  falls  on  the  head  or  proboscis  of  the  visitor;  but  the 
details  of  the  process  by  which  the  pollen  is  scattered  are  unlike 
those  of  the  former  species.  While  in  Odontites  serotina  the 
anthers  are  only  held  together  posteriorly  by  matted  hairs,  in  E. 
officiTutlis  the  lower  anther-lobe  of  the  upper  stamen  on  each  side 
coheres  with  the  upper  anther-lobe  of  the  lower;  and  the  two 
superior  anthers  further  cohere  firmly  together.  Another  peculi- 
arity is  directly  connected  with  this.     While  iu  Odontihs  terotina 
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all  the  anther-lobes  end  alike  in  short  points,  in  E.  officinalis  the 
upper  lobe  of  each  anther  is  blunt,  but  the  lower  is  provided  with 
a  thin,  stiff  spine  (3,  Fig.  154).  Of  these  four  spines  it  is  almost 
exclusively  the  two  lower  ones  that  come  in  contact  with  insects ; 
for  not  only  are  they  much  longer  than  the  upper  ones,  but  the 
stamens  which  bear  them  are  inclined  at  an  angle  of  about  60*' 
from  the  upper  pair,  and  their  anthers  bend  downwards  so  much 
that  the  spines  stand  well  down  in  the  mouth  of  the  flower  (1, 
Fig.  154).  In  Odontites  serotina  the  pointed  anther-lobes  must 
themselves  be  touched  for  the  pollen  to  be  shaken  out,  and  the 
broad  filaments,  placed  close  together  and  set  with  sharp  points  on 
their  inner  side,  insure  this.  In  -ff.  officinalis,  on  the  other  hand, 
it  is  sufficient  if  one  of  the  long  spines  on  the  lower  anthers  be 
touched,  and  accordingly  the  filaments  curve  widely  apart,  standing 
close  to  the  wall  of  the  corolla ;  and  they  are  smooth  and  narrow, 
so  that  an  insect  can  insert  its  head  into  the  tube  without  hindrance. 
In  doing  so  it  touches  the  lower  anther-spines,  and  shakes  the  whole 
system  of  anthers,  causing  the  pollen  to  fall  out.  Rows  of  hairs 
on  the  upper  anther-lobes  prevent  the  pollen  from  being  scattered 
at  the  sides,  and  insure  its  falling  on  the  head  of  the  insect. 

In  the  points  described  hitherto  all  my  specimens  of  E,  officinalis 
agree  with  one  another.  But  in  regard  to  the  size  and  conspicu- 
ousness  of  the  flowers,  and  the  possibility  of  self-fertilisation,  I 
have  found  two  different  forms  of  this  plant — one  large-flowered, 
which  never  fertilises  itself,  and  one  small-flowered,  which  in 
absence  of  insects  fertilises  itself  regularly.  Intermediate  forms 
may  probably  occur,  but  were  not  present  among  my  specimens. 

In  the  large-flowered  form  (4,  Fig.  154),  probably  E.  montana, 
Jord.,  the  stigma  protrudes  from  the  flower  before  the  anthers  are 
ripe,  and  even  after  the  anthers  are  ripe  it  is  the  first  part  to  be 
touched  by  insect-visitors,  and  is,  therefore,  regularly  cross-fertilised ; 
in  absence  of  insects,  it  is  incapable  of  self-fertilisation. 

In  the  small-flowered  form,  probably  E.  gracilis,  Jord.  (1, 
Fig.  154),  when  the  flower  opens,  the  stigma  stands  so  far  above 
and  behind  the  anthers  that  it  escapes  being  touched  by  insects  ; 
the  style  gradually  elongates  and  carries  the  stigma  downwards 
and  forwards  into  a  position  where  it  will  be  touched  before  the 
anthers  by  an  insect's  head,  and  where,  in  absence  of  insects, 
pollen  can  fall  from  the  upper  anthers  upon  it. 

Thus  in  case  of  insect-visits  cross-fertilisation  is  insured  in  both 
forms,  but  in  absence  of  insects  self-foytilisation  is  only  possible  in 
the  small-flowered  plants. 

G  G 


460  THE  FERTILISATION  OF  FLOWERS.        [pabt  ni. 

Delpino  (178)  seems  to  have  examined  the  large-flowered  form 
only,  and  Axell  (17)  the  small-flowered ;  for  the  former  describes 
E.  officinalis  as  proterogjrnous,  and  the  latter  as  proterandrous, 

Viflitors  :  A.  Hymenoptera — Apida :  (1)  Bombus  agronun,  F.  9  ;  (2)  B. 
pratorum,  L.  §  ;  (3)  Apis  mellifica,  L.  9  ;  (4)  Nomada  lateralis,  Pz.  $ ,  all  a. 
B.  Diptera — (a)  BomhylidoR:  (5)  Systoechus  sulfureus,  Mik.  (Sid.)  ;  (6)  Syr^ 
phidcB :  (6)  Syrphus  sp. ;  (7)  Melithreptos  taeniatus,  Mgn.,  all  a.  Additional 
lists  of  visitors  to  the  large-flowered  form  are  given  in  No.  590,  in.,  and 
No.  609. 

Euphrasia  salisburgeiisis,  Funck. — The  flowers  resemble  in  size 
the  small-flowered  form  of  E.  officinalis,  and  their  arrangements 
for  cross-fertilisation  resemble  the  large-flowered  form  of  that 
species.  The  corolla  continues  to  grow,  carrying  forward  the 
stamens  after  the  style  has  stopped  growing,  and  in  absence  of 
insects  self-fertilisation  takes  place  in  the  end.  The  visitors  are 
bees  and  Lepidoptera  (609). 

333.  Pedicularis  silvatica,  L. — In  this  plant,  as  in  Ehinan- 
thtis  and  Melampyrum,  the  opposite  pairs  of  anthers  lie  with  their 
edges  close  together, — and  all  four  unite  to  form  a  quadrangular 
pollen-receptacle  (3,  Fig.  155)  which  is  inclosed  in  the  hooded  upper 
lip.  The  mechanism  by  which  pollen  is  shed  upon  the  insect- 
visitor  is  here  more  complex  and  more  rich  in  adaptations  than 
ever,  and  more  difficult  to  understand  in  its  details  without  direct 
observation  of  its  actioa  Sprengel  (702)  and  Hildebrand  (346), 
neither  of  whom  observed  insects  in  the  act  of  fertilising  the 
flower,  have  very  naturally  overlooked  many  of  its  most  interesting 
adaptations.  Dr.  Ogle  (632),  who  watched  the  flowers  in  the  open 
air  and  saw  them  visited  by  humble-bees,  gives  an  accurate 
account  of  the  process  of  cross-fertilisation  ;  but  many  adaptations 
have  escaped  even  his  notice,  and  some  he  has  interpreted 
wrongly.  It  is  therefore  still  worth  while  to  describe  the  whole 
structure  of  the  flower  minutely. 

Honey  is  secreted  by  the  green,  fleshy  base  of  the  ovary,  and 
lies  at  the  bottom  of  the  tube,  which  is  10  to  14  mm.  long,  laterally 
compressed,  and  so  narrow  that  a  humble-bee  can  only  insert  the 
forepart  of  its  liead.  At  the  height  of  10  to  14  mm.  the  tube 
divides  into  an  upper  lip,  which  both  in  form  and  in  direction  is 
simply  a  continuation  of  the  tube,  slightly  wider  and  open  in 
front,  and  an  under  lip,  whose  base  (3  to  5  mm.  long)  is  applied 
to  the  upper  lip  so  as  to  close  up  the  lower  3  to  5  mm.  of  the 
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mouth  of  the  flower.  The  hooded  end  of  the  upper  lip  incloses 
the  stamens,  and  the  end  of  the  style  with  the  stigma  protrudes 
obliquely  downwards  from  it;  the  free  portion  of  the  under  lip 
with  its  three  lobes  serves  as  a  standing-place  for  insects,  and  is 
set  very  obliquely,  so  that  the  right  lobe  stands  2  to  8  mm.  higher 


— Pfff  lenZoHt  J 


1.— CorolU,  from  the  fdinl. 

a.— Plowf  r,  ttoia  bthlnd. 

8.— Dpper  pnrt  of  ths  coroltB,  from  the  left  aide.    The  left  hilf  of  tlu  coroUi  hu  been  ei 
twty,  Hti  Uie  *ntben  beve  beco  puahed  unDdcr. 

*.— Trenmfne  mMIdd  or  the  mrolta  «t  c.  1,  2.    0— S.  K  31 H.  x  7.) 

o,  point  of  InerrMnD  of  the  unttilor  itomeni ;  b.  point  of  origin  of  tlie  1 
of  Uie  mouth  of  the  flower,  clf«f d  by  the  eppoeltloa  of  the  lover  ]1d  :  d.  re 
Up,  leC  w'"-  ■—■ ■     -  -'-■ *  "^ •■  ■— 


erllp;  b  e.  lover  pert 


Up,  let  vlth  teeth ;  e,  wldcit  piit  of  the  mouth  Into  which  the  bee  Inierte  Ite  lieatt  end  pTobeeclA ; 
/.  the  hood  Hhlrb  ■ummndn  the  unlhen ;  t.  pendnlona  tip  of  the  hood :  D,  Mgt  apaa  the  elde  of 
the  corDlle,  meeting  the  revolnte  bolder  it  < :  *,  (barter,  I.  longer  Mvaaia. 


than  the  left  (1,  Fig.  155).  If  the  under  lip  is  pulled  down  as  far 
as  the  place  of  its  attachment,  the  mouth  of  the  flower  is  seen  to 
form  a  fissure  8  to  10  mm.  long,  which  in  the  greater  part  of  its 
length  is  only  1  to  2  mm.  broad,  but  which  3  mm.  below  its  upper 
end  widens  out  suddenly  to  a  breadth  of  ^  ™*°*  ('>  '<  ^)  >  ^^  ^^^° 

a  o  2 
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agaiu  11U1T0W8  suddenly,  anil  a  little  more  tlian  1  mm.  from  its 
upper  end  twi>  sharp  prooessea  of  the  hood  (j/,  1,  2)  almost  meet 
in  the  middle  and  divide  the  entrance  into  a  vety  small  upper  and 
a  long  lower  part.  Through  the  upper  opening  protrudes  the 
style,  which  springing  from  the  bilocular  ovary  lies  close  to  the 
posterior  wall  of  the  corolla,  and  curves  sharply  downwards  near 
its  anterior  end  to  bear  the  capitate  stigma;  tlie  long,  lower 
opening  admits  the  bee's  head.  So  long  as  this  slit  is  only  I  to  2 
mm.  broad,  viz.,  from  the  insertion  of  the  under  lip  to  the  wider 
part  above,  its  edges  are  very  markedly  rolled  outwards,  and  that 
part  of  the  inner  wall  of  the  corolla  which  is  brought  by  this 
evolution  of  the  edge  to  fai-m  the  margin  of  the  narrow  slit  in 
closely  set  with  sharp  points  ((/,  1,  2,  4),  while  the  wider  portion 
(e,  1)  has  smooth  edges.  There  is  also  on  each  side  of  the  tipper 
lip  a  reddish  thickened  banJ  (h,  2),  which  begins  on  a  level  with 
the  wide  part  of  the  slit  at  the  upper  end  of  the  evoluted  edges 
fe),  and  forming  a  sharp  angle  with  the  ridge  runs  backwards  and 
downwards  to  disappeai-  on  a  level  with  the  base  of  the  under  lip. 

What  have  all  these  chrtractera,  the  compressed  base  of  the 
under  lip,  the  oblique  position  of  its  three-lobed  lamina,  the 
evoluted  edge  of  the  narrow  entrance,  its  rough  edges,  the  sudden 
enlargement  with  its  smooth  edges,  the  red  stripes  at  the  aides 
of  the  upper  lip,  to  do  with  fertilisation  by  humble-bees?  Are 
they  accidents  to  be  neglected,  as  is  done  by  Hildebrand  in  his 
figures  in  the  Botanisehe.  Zieitujiff  (1866,  pi.  iv.)  and  by  Dr.  Ogle 
in  the  Popular  Seieiice  Review  (Jan.  1870)  ?  Careful  observation 
of  an  insect  visiting  the  flower  makes  me  think  otherwise.  The 
bee  comes  flying  along  with  outstretched  proboscis,  and  avoiding 
the  toothed  edges  of  the  slit,  thrusts  its  proboscis  at  once  ia 
alighting  into  the  widest  part  of  the  opening  {e,  1) ;  the  upper  part 
of  its  head  then  touches  the  stigma,  wltich  stands  scarcely  2  mm. 
above  the  wide  part  of  the  opening,  and  the  oblique  p<»itioa 
of  the  lower  lip  causesthe  Taee's  head  also  to  be  placed  obliquely; 
its  forefeet  gi'asp  the  basal  part  of  the  lower  lip,  its  middle  pair 
of  feet  grasp  the  tube  of  the  flower  on  a  level  with  the  lower  lip, 
and  the  hindfeet  rest  upon  leaves  or  other  flowers  below.  Standing! 
ia  this  position,  the  bee  applies  its  head,  which  is  24  to  3  mm.., 
thick  and  5  mm.  brond,  to  the  (4  mm.)  wide  part  of  the  entrano^- 
with  just  so  much  obliquity  as  gives  it  the  best  chance  of  entering, 
And  now  the  edges  of  the  slit,  rolled  outwards  and  thereby  stiffened, 
(rf,  1,  2).  and  the  bands  on  the  upper  lip  (h,  2).  play  their  put. 
Joining  above  at  a  sharp  angle,  tlwy  bound,  <m  eiich  side  of  tb« 
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upper  lip,  a  triangular  surface,  which  does  not  bend,  but  gets 
pushed  outwards  by  the  bee's  head.  But  the  points  where  the 
evolute  edgeis  and  the  thickened  bands  meet  are  on  each  side  of 
the  wide  part  of  the  opening,  and  as  they  separate  more  and  more 
from  one  another,  the  superior  angle  {e,  ^,  ^,  1)  of  the  small  part 
of  the  entrance  above  this  will  be  very  greatly  enlarged,  for  the 
sides  bounding  it  are  very  short,  and  are  forced  apart  as  much 
as  the  long  sides  of  the  lower  opening.  The  small  processes  Q7,  1,  2) 
which  before  nearly  met,  and  which  held  together  the  two  halves 
of  the  pollen-receptacle,  are  forced  apart ;  the  anthers,  which  have 
a  tension  outwards  in  consequence  of  the  peculiar  curvature  of 
their  filaments  (A.*,  /,  3),^  are  freed  from  the  force  that  held  them 
together  below,  while  they  remain  fastened  together  above  ;  they 
therefore  flap  apart,  and  let  a  little  pollen  fall  on  the  bee's  head, 
exactly  on  the  spot  wldch  came  in  contact  with  the  stigma  scarce 
a  second  before.  The  pollen  is  saved  from  being  scattered  at  the 
sides  by  vertical  hairs  on  the  longer  stamens  (/,  3),*  which  cover 
the  space  between  the  upper  and  lower  anthers  on  each  side,  and 
project  slightly  beyond  the  lower  edges. 

Bombus  hortoriira,  L.  ?  (20  to  21  mm.),  needs  to  thrust  its  head 
a  very  little  way  down  after  inserting  it  into  the  wide  entrance ; 
but  the  shorter  a  bee's  proboscis  is  the  more  must  it  force  its 
head  down  in  the  upper  lip,  and  if  there  is  not  space  enough  ahove 
the  platform  of  the  lower  lip,  the  latter  can  be  pressed  down 
3  to  4  mm.,  as  far  as  h,  2 ;  so  that  bees  with  a  proboscis  only 
10  mm.  long  may  reach  the  honey.  When  the  bee  flies  away,  the 
lower  lip  springs  back  into  its  former  position,  and  the  whole 
mouth  of  the  flower  resumes  its  original  state. 

The  flower  is  in  this  way  adapted  for  all  our  native  species 
of  Bomlvs  and  Anthophara,  except  B,  terrestris  and  small  workers 
of  a  few  other  species;  but  the  length  of  the  tube  excludes  all 
smaller  bees,  which  if  the  tube  were  shorter  might  carry  off  the 
honey  without  touching  the  stigma;  the  hoode<l  upper  lip  guards 
the  pollen  from  flies  and  other  insects;  but  the  tube  is  liable 
to  be  bitten  through  and  robbed  of  its  honey  by  some  humble- 
bees.^     Such  robbery  does  little  or  no  harm,  for  bees  still  visit 

*  I  have  never  noticed  tlie  anthers  adhering  at  all  to  the  inner  snrfaoe  of  the 
corolla,  as  Dr.  Ogle  describes.  Surli  an  adhesion,  if  it  exists,  must  be  very  slight 
indeed. 

*  According  to  Dr.  Ogle  (No.  632,  p.  46),  the  lower  anthers  are  held  togitlur  by 
the  pressure  of  these  hairs  upon  the  wall  of  the  corolla.  To  act  in  this  way  tlie 
hairs  would  have  to  be  directed  obliquely  outwards.  They  are  not  so,  but  lie  parallel 
to  the  median  vertical  plane  of  the  flower.  ^ 

*  Dr.  Ogle  is  mistaken  in  thinking  (No.  632,  p.  180)  that  the  wide  calyx  is  suffi 
cient  to  protect  PtdUularia  gilvatica  from  robber)-  on  the  part  of  short-tongued  bee 
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in  a  legitimate  manner  flowers  which  have  been  bitten  through 
and  robbed. 

The  power  of  self-fertiUsation  has  been  completely  lost. 

Visitors  :  Hymenoptera — Apida  :  (1)  Anthophora  retusa,  L.  ^  (16 — 17) ; 
(2)  Bombus  hortorum,  L.  ?  (20—21)  ;  (3)  B.  agronim,  F.  (12—15)  ;  (4)  B. 
lapidarius,  L.  9  (12—14) ;  (5)  B.  sUvarum,  L.  $  ( 12—14)  ;  (6)  B.  Scrim- 
BhiranuB,  L.  ?  (10),  all  sucking  normally,  very  ah., — B.  Scrinishiranua,  L.  9 
(9),  bites  through  the  corolla  close  above  the  calyx,  and  so  reaches  the  honey  ; 
(7)  B.  terrestris,  L.  $  (7 — 9),  very  ab.,  only  reaching  the  honey  by  biting, — 
once  I  saw  it  gnawing  the  upper  lip,  above  the  anthers. 

Pedicularia  rostrata,  L.,  P.  verticillata,  L.,  P.  iuberosay  L.,  were 
seen  by  Ricca  to  be  visited  by  humble  bees  (665).  On  the  Alps, 
I  have  observed  in  addition  to  these  three  species,  P.  pcUustris,  L., 
P.  recutita,  L.,  P.  asplenifolia,  Floerke,  and  F.foliosa,  L.  (609).  In 
P.  verticillata,  the  calyx  is  swollen,  and  the  lower  part  of  the 
corolla-tube  is  bent  at  right  angles  within  the  calyx ;  the  honey 
is  thus  guarded  from  Bombus  iruistrucatus,  which  tries  in  vain  to 
reach  it,  and  which  frequently  bites  through  the  tubes  of  P.  tvberosa 
and  P.  foliosa,  etc. 

The  six  species  of  Pediciilaris  which  grow  in  Nova  Zembla  are 
all  fertilised,  in  Delpino's  opinion,  by  Bombvs  terrestris,  and  so  also 
is  P.  Kanei,  which  is  found  in  lat.  79^  on  the  west  coast  of  Green- 
land (172,  352).  If  this  is  really  the  case,  all  these  species  must 
have  a  shorter  tube  than  P.  silvatica. 

334.  Rhinanthus  crista-gallt,  L. — In  this  plant,  as  in  the 
foregoing,  the  dry  smooth  pollen  is  shed  on  the  insect's  head,  but 
the  details  of  the  mechanism  are  very  different.  Each  anther  lies  so 
close  to  its  opposite  neighbour,  and  they  dehisce  so  widely  on  their 
opposed  faces,  that  both  together  form  one  pollen-reservoir,  closed 
in  by  matted  hairs  with  which  the  contiguous  edges  of  the  anthers 
are  provided  (1,  2,  Fig.  156).  These  pollen-reservoirs  are  borne 
on  stiff  filaments,  of  which  the  anterior  pair  are  close  together  at 
their  bases,  and  are  beset  with  sharp  points  on  their  inner  sides  (1) 
so  that  a  bee  cannot  insert  its  proboscis  there  ;  higher  up,  for  the 
space  of  a  few  millimetres  below  the  anthers,  they  are  smooth  and 
wide  enough  apart  to  admit  the  point  of  a  bee's  proboscis  easily. 
As  soon,  however,  as  the  bee  pushes  its  proboscis  farther  in,  it 
forces  the  filaments  apart,  and  tears  asunder  the  two  halves  of  the 
pollen -reservoir.  The  pollen  falls  out  on  to  the  bee's  proboscis, 
and  is  prevented  from  being  scattered  at  the  sides  by  the  fringe  of 
hairs  on  the  lower  edge  of  the  anthers.     This  pollen-mechanism  is 
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better  protected  than  in  the  foregoiug  species,  for  the  helmet- 
shaped,  laterally  compressed  upper  lip  covers  it  both  above  and  at 
the  sides,  and  at  first  leaves  only  a  narrow  slit,  which  is  slightly 
more  dilated  just  below  the  anthers  to  admit  the  bee's  proboscis. 
Honey  is  not  secreted  by  the  ovary  itself,  but  by  a  development  of 
the  receptacle,  which  is  prolonged  downwards  and  .forwards  into  a 
long,  fleshy  lobe,  turned  up  at  the  edges  {n,  4),  Aa  in  Eufhrasia 
o^ffidnalia,  so  also  in  this  plant,  two  different  forms  exist,^  one  incon- 
spicuous and  regularly  self- fertilising,  the  other  more  conspicuous 


^htlioityle.  from  the  ><ds. 

V—OxtTj.  wlih  Ibe  lidu  or  till  itrk,  neelary  ("1.  tind  baK  of  the  corolla  (u). 
ft— Flowfr,  ottht  Ydriety  Ktiwr,  >(!«■  remor*!  of  Uie lighl hilf  rt  tfcecJji.Brojn  the  »lfli;, 
f  —Upper  pBrtcf  ditto.  It  tbe  bcglnnlnsDf  Uu  flolrcriDg  period,  (tern  tlieFront. 
T.— Duto.  It  the  end  of  the  flovreTUig  pe^od. 
8.— Style  of  the  tsrielr  ■inor. 
«.— Stile  of  Che  TBrietT  lulDr, 
(1-8,  X  I;    *-».  K8(,) 


and  incapable  of  self-fertilisation,  Delpino,  who  has  thoroughly 
described  the  mechanism  of  this  flower,  has  only  had  the  larger 
form  {major)  uoder  examination ;  for  be  calls  Vaucher's  fairly 
accurate  account  (752)  of  the  occurrence  of  self-fertilisation, 
merely  a  product  of  the  imagination.^ 

.fi.  minor,  Ehrh. — In  the  small-flowered  form,  the  tube,  whose 
base  contains  the  honey,  is  7  to  8  mm.  long,  so  that  the  honey  is 

'  Linntens  distinguuhed  thfae  *b  varietiea  (a  and  $).    LaUr  nutbora  liav«  advanced 
them  to  the  nmk  of  (peciea,  R.  vuyor,  Ehrh. ,  and  R.  ntinor,  Ehrh. 

'  No.  178,  p.  1S3,  "Or*  tutto  ci^non  i  che  un  fMlo  della  imaginaiioDe," 
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■Ue  to  all  our  humble-bees,  the  shortest  proboscis  Among 
that  of  S.  Urrtidru,  is  7  to  d  mm.  loDg.  The  mouth  of  the 
corolla  is  a  slit  6  to  7  mm.  long,  which,  howerer,  is  reduced  to  4 
Dim.  by  the  position  of  the  upper  lip.  The  remaioiDg  posterior  p 
of  the  slit  is  blocked  by  the  stameos  in  the  manner  already  described, 
so  that  the  bee  can  only  insert  its  proboscis  beneath  the  anthers. 
The  stigma  curves  down  so  far  over  the  anthers  (6,  Fig.  156) 
that  au  insect's  proboscis  must  touch  it  before  entering  further  and 
being  dusted  vilh  pollen.  In  general,  however,  bees'  lisits  are 
scarce ;  for  the  corolla  b  alimret  inclosed  in  the  vesicular  calyx, 
and  is  therefore  inconspicuous.  In  absence  of  insects,  self-fertilisa- 
tion always  txikes  place;  for  the  mouth  of  the  corolla  gradually 
opens  more  widely,  the  under  lip  bending  downwards,  and  the  aides 
of  the  upper  lip  spreading  further  apart  (7,  Fig.  156);  at  the 
same  time  the  style  elongates  and  curves  downwaxtls  and  inwards 
(7,  8),  so  that  the  stigma  comes  to  stand  under  the  anthers,  or 
even  between  them  if  they  have  separated  in  withering. 

R.  major,  Ehrh. — In  the  large-flowered  form,  the  tube  is  about 
2  mm.  longer  than  in  the  smati-tiowered ;  but  this  small  difference 
suffices  to  exclude  many  of  our  humble-bees  from  the  honey,  or  to 
cause  them  to  bite  a  hole  in  order  to  gain  access  bt  it.  Sprengel 
observed  tliese  holes,  but  they  are  not  made,  as  he  said,  by  "  a 
large  humble-bee,  for  whom  the  natural  entrance  is  too  small,"  for 
all  humble-bees  insert  only  their  proboscis  into  the  flower ;  but  by 
those  with  the  shortest  proboscides,  namely,  as  I  have  repeatedly 
observed,  by  B.  terrestris,  L.  ?  and  5,  and  if,  pratonim.  L.  9, 
whose  proboscides  measure  respectively  7  to  9  mm.  and  8  mm. 

The  size  of  the  parts  projecting  beyond  the  calyx,  viz.  the 
upper  and  lower  lips,  differs  more  than  the  length  of  the  tubes  in 
the  two  varieties  or  sub-species.  The  upper  lip  is  in  Ji.  minor  7 
to  8  ram.,  in  E.  major  10  to  11  mm.  long.  The  flowers  of  R.  major 
are  therefore  more  conspicuous,  and  their  conspicuousness  is  in- 
creased by  the  pale  colour  of  the  bracts  and  by  the  violet  colour 
of  the  tip  of  the  upper  lip,  which  is  usually  white  in  R.  minor. 
As  both  species  grow  together  in  the  same  spots  and  flower  at  the 
same  time,  they  give  a  good  opportunity  of  proving  that  the  lai^- 
flowered  form  is  really  much  more  plentifully  visited  than  the 
other.  In  point  of  fact,  insect-visits  are  so  plentiful  in  the  case  of 
R,  major,  that  it  has  been  able  to  dispense  with  the  power  of  self- 
fertilisation,  and  the  style,  instead  of  bending  downwards,  projects 
more  and  more  from  the  mouth  of  the  flower. 

We   have  thus   in   Rhincnthus    major  and    minor    two    forms 
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engaged  in  the  struggle  for  existence ;  ^  the  one  excels  in  conspi- 
cuousness  and  the  abundance  of  its  insect-visitors,  the  other  in  its 
power  of  self-fertilisation.  The  former  seems  to  have  the  advan- 
tage, for  both  in  Westphalia  and,  according  to  Ascherson's  Flora,  in 
Brandenburg  it  is  much  more  plentiful  than  the  smaller  form ;  it 
is  also  more  plentiful  both  in  England  and  Ireland  according  to 
Mr.  T.  H.  Corry. 

The  following  list  includes  the  visitors  to  both  forms : — 

(1)  Bombus  (Apathug)  Barbutellus,  K.  ?  (12) ;  (2)  B.  Rajellus,  111.  ? 
(12—13)  ;  (3)  B.  hortorum,  L.  ?  5  (19—21)  ;  (4)  B.  sUvanun,  L.  $  ?  (10— 
14)  ;  (5)  B.  senilis,  Sm.  ?  5  (14—15) ;  (6)  B.  Scrimshiranus,  K.  5  (10)  ;  (7) 
B.  hypnorum,  L.  9  (10 — 12),  all  only  sucking  normally  ;  (8)  B.  teirestris,  L. 
$  5  (7 — 9))  (9)  B.  pratonim,  L.  §  (8),  both  sucking  normally  on  R.  minor, 
but  obtaining  the  honey  of  B,  major  by  biting  a  hole  in  the  spur. 

Several  of  the  above-named  humble-bees  were  caught  carry- 
ing Rhinanthus  pollen  in  their  collecting-baskets, — viz.  B.  terrestris, 
?  9 ,  and  in  especial  numbers  (in  the  Hoppekethal,  July  11, 18C9), 
B.  hypnorum,  9 ,  and  B,  pratorum,  9 .  Sprengel  mentions  the 
honey-bee  as  a  frequent  visitor,  but  I  have  never  observed  it;  its 
proboscis  (6  mm.  long)  is  at  any  rate  too  short  to  reach  the  honey 
in  the  legitimate  manner. 

I  have  seen  one  of  the  Noctuidae,  Eiididia  glyphica,  L., 
repeatedly  sucking  the  honey  of  this  flower ;  but  the  tongues  of 
Lepidoptera  are  so  thjn  that  they  can  reach  the  honey  without 
pushing  the  anthers  apart,  and  Lepidoptera  therefore  are  quite 
useless  to  the  plant. 

In  Ehinanthis  Ale^orolophus,  PoU.,^  we  have  an  intermediate 
stage  between  B,  crisia-gaUi  and  B,  alpimcs.  The  corolla  is  produced 
into  a  beak-like  prolongation  close  under  the  projecting  stigma, 
and  above  the  entrance  made  use  of  by  bees  ;  this  process  of  the 
corolla  bears  a  small  opening,  Iwunded  by  two  blue  lobes.  This 
small  opening  permits  Lepidoptera  to  insert  their  thin  tongues,  which 
touch  first  the  stigma  and  then  the  anthers  ;  and  as  a  matter  of 
fact  this  species  is  visited  and  cross-fertilised  both  by  Lepidoptera 
and  by  humble-bees  (570,  609). 

In  Bhinanthus  alpinus,  Brng.,  the  lower  or  bees'  entrance  is 
closed,  its  edges  coming  close  together  without  uniting,  and  only 
the   small  upper  opening  remains;  and  this  species  is  therefore 

*  Compare  Malva  rotundifolia  and  M.  rUvtstris^  p.  142. 

'  Included  by  Nyman,  Con^dus  Floros  EuropoeaSf  under  B.  major. 
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the  pollen  is  shed  in  Melampyrum  is  f 
foregoing ;  for  here  all  the  four  anthers 
a  single  pollen-reservoir,  which  is  open^ 
appendage  borne  by  each  anther-lobe. 
other  remarkable  peculiarities.     Honej 
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5  mm.,  the  tube  is  so  wide  that  a  humble-bee's  head  enters  it 
easily;  a  proboscis  10  to  11  mm.  long  therefore  suflSces,  and 
only  B.  terrestris  and  small  workers  of  some  other  species  are 
excluded. 

In  its  narrower  part  the  tube  is  three-sided,  the  lower  wall 
standing  horizontal,  the  sides  first  bending  sharply  inwards  then 
rising  almost  perpendicularly,  and  holding  the  style  in  their  upper 
angle.  All  three  sides  widen  out  gradually  for  a  space  of  8  to  10 
mm.  from  the  base  of  the  tube,  then,  on  a  sudden,  more  rapidly, 
the  sides  rising  up  into  a  hood  for  the  pollen-reservoir,  and  the 
floor  increasing  from  3  mm.  to  5  mm.  in  breadth.  In  this  wide 
part  of  the  tube  the  lower  part  of  the  side  walls  is  doubled  down 
upon  the  floor  by  a  re-entrant  fold  (a,  2,  3),  so  that  the  breadth 
of  the  entrance  is  reduced  to  scarcely  3  mm. ;  and  this  is  further 
reduced  in  height  to  1  to  2  mm.  by  two  dark -yellow  pouches  in  the 
under  lip  (jpathjinders,  b,  3),  and  by  a  fold  close  behind  the  free 
edge  of  the  hood-like  upper  lip;  if,  however,  the  folds  in  the  side 
walls  and  in  the  upper  lip  are  opened  out  by  a  bee  thrusting  in  its 
head,  there  is  plenty  of  room  in  the  broad  part  of  the  tube  for  the 
bee's  head,  which  is  about  5  mm.  broad,  and  3  mm.  high.  So  by 
this  peculiar  conformation  of  the  mouth,  weak,  short-lipped  insects 
are  excluded,  and  at  the  same  time  humble-bees  are  permitted 
to  insert  their  heads.  There  are  yet  other  peculiarities  in  the 
mouth  of  the  flower  which  complete  this  result.  The  filaments 
which,  in  the  narrow  part  of  the  tube,  are  thin  and  adhere  to  the 
corolla,  become  free  from  it  in  the  wide  part,  and  rise  obliquely 
upwards  as  stiff,  broad  rods  beset  with  teeth  on  their  inner  sides, 
towards  the  hooded  upper  lip,  which  incloses  the  stamens.  The 
two  anterior  stamens  lie,  in  their  ascending  portions,  so  close 
behind  the  entrance  of  the  flower  that  they  block  it  for  a  further 
space  of  i  mm.  on  either  side.  So  in  looking  from  the  front  into 
the  mouth  of  the  flower  we  see  an  opening  only  2  mm.  broad  and 
scarcely  so  high,  bounded  on  the  right  and  left  by  the  prickly 
margins  of  the  filaments,  above  by  the  soft  tufts  of  hairs  on  the 
upper  lip,  and  by  the  weak  hairs  projecting  downwards  from  the 
pollen-receptacle  (rf,  3).  The  bee  in  inserting  the  delicate  tip  of 
its  proboscis  carefully  avoids  any  rough  contact ;  therefore,  in  this 
flower,  it  directs  it  neither  to  the  right  or  left,  where  it  would 
meet  the  sharp  points  upon  the  stamens,  but  upwards  where  it 
nibs  against  the  soft  hairs  of  the  upper  lip  and  the  pollen- 
receptacle  in  passing  into  the  tube.  This  course  is  essential  for 
cross-fertilisation. 


THE  FERTlLiaATION  OF  FLOWKES,        [part  ni. 

The  style  traverses  the  ujiper  angle  of  the  tube  in  its  whole 
leugth,  and  bendB  dowD  with  it  over  the  polten-receptacle,  so  that 
its  stigmatic  end  hangs  down  in  the  upper  part  of  the  mouth  of 
the  flower  between  the  tufts  on  the  upper  lip,  and  is  thus  in- 
evitably touched  by  the  bee's  proboscis  as  it  enters.     The  four 
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pairs  of  anther-lohes,  which  have  stiff  walls  and  are  in  firm 
connection  with  the  stiff  filaments,  cohere  cloaely  by  their  upper 
and  posterior  edges,  but  admit  of  some  motion  at  their  lower 
and  anterior  edges,  which  are  fringed  with  hairs.  Each  anther- 
lobe  is  prolonged  downwards  into  a  stiff,  shaip  process,  so  that 
four  pairs  of  these  sharp    processes  point  downwards;    of  these 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  461 

the  hindmost  are  the  longest,  as  they  might  easily  escape  being 
touched  if  of  the  same  length  with  the  others.  The  bee's  pro- 
boscis, entering  the  flower  in  the  way  described  above,  comes  in 
contact  immediately  afterwards  with  the  sharp  processes  of  the 
anthers ;  the  anther-lobes  at  once  separate  slightly  at  their  lower 
and  anterior  edges,  and  the  fine,  dusty  pollen  is  shed  upon  the 
insect  s  proboscis. 

In  spite  of  these  manifold  adaptations,  the  plant,  from  growing 
in  shady  spots,  is,  as  a  rule,  sparingly  visited  by  bees ;  but  in  their 
absence  self-fertilisation  takes  place  regularly.  As  in  Hhinanthus 
minor,  the  end  of  the  style  curves  more  and  more  downwards,  and 
at  last  inwards,  so  that  the  stigma  comes  to  lie  below  the  pollen- 
receptacle  (5,  Fig.  158),  which  in  the  old  flower  opens  of  itself 
In  flowers  whose  colour  has  changed  to  reddish  the  stigma  is 
always  found  in  this  position. 

Visitors  :  Hymenoptera — Apidce :  (1)  Bombus  agrorum,  F.  §  5  !  (10 — 15), 
Bucking  normally.  Its  weight  bends  down  the  flowers  to  which  it  hangs.  It 
first  inserts  the  tip  of  its  proboscis  into  the  upper  part  of  the  flower,  then 
thrusts  tlie  wliole  proboscis  and  it^  head  into  the  tube.  After  visiting  a  flower, 
which  takes  only  a  few  seconds,  it  almost  always  flies  away  to  a  neighbouring 
plant  (2)  B.  hortorum,  L.  9  I  (18—20),  sucking  normally,  just  as  the  former 
npecies  (Siebengebirge,  July  8,  1871)  ;  (3)  B.  terrestris,  L.  ?  (7—9),  bites 
through  tlie  corolla  close  alK)ve  the  calyx,  so  that  one  mandible  makes  a  hole 
on  each  side  of  the  sharp  edge  of  the  corolla,  and  through  one  of  these  two  holes 
the  bee  inserts  its  proboscis  ;  (4)  B.  pratorum,  L.  5  cJ  (^ — 9),  acts  similarly 
(Siebengebirge,  July  8,  1871)  ;  (5)  Apis  mellifica,  L.  9  (6),  do.,  very  ab.  ;  (6) 
Megachile  circumcincta,  K.  9  •'  (11)>  sucking  normally,  only  one  specimen. 
B.  Diptera — Stra(iomt/uI(e :  (7)  Oxycera  pulchella,  Mgn.,  I  saw  this  species  on 
the  flowers  at  Warstein, — it  probably  could  not  reach  either  the  honey  or 
the  pollen.     See  also  No.  590,  in. 

MclamiJynim  arvemc,  L.,  is  visited  by  various  insects,  but  only 
fertilised  by  very  long-tongued  humble-bees  (590,  ill.). 

Melam^yyrum  nemorosnm,  L. — The  honey  is  stolen  by  various 
humble-bees,  but  the  flower  is  fertilised  only  by  Bomhus  hortorum, 
L.  5  (590,  III.). 

Melampyrum  silvaticum,  L. — The  flower  is  of  small  size  and  its 
mechanism  is  much  simplified  (590,  m)- 

The  six  forms  above  described  in  which  dry  pollen  is  slied  on 
the  insect-visitor,  viz.  Odontites  lutca,  0.  serotina,  Eiqthrasia  o{fi- 
rinalis,  Melampyrum,  Bhinanthus,  and  Pcdicularis,  show  remarkable 
gradations  in  tlie  way  in  which  the  anthers  are  protected  and  tlu 
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pollen  lodged,  and  in  the  mechanism  for  scattering  the  pollen  and 
for  guiding  the  insect's  proboscis. 

a.  The  protection  of  the  anthers.  lu  Odontites  lulea  the 
anthers  protrude  from  the  flower,  as  in  Veronica;  in  Odontites 
serotina  they  are  only  slightly  covered  by  the  upper  lip,  while  they 
are  entirely  covered  by  it  in  S.  ojfieinalis;  in  the  three  others  they 
are  completely  inclosed  in  the  hood  of  the  upper  lip. 

6,  The  pollen-receptacies.  In  the  two  species  of  Odontilea 
and  in  Euphrasia  offic^itmlis  each  anther-lobe  forms  a  separate 
receptacle  openiug  at  the  apes ;  in  0.  lutca  all  the  anthers  are 
separate ;  in  0.  serolina  they  are  connected  posteriorly  by  matted 
hairs;  in  JS.  ojicitialis  their  edges  cohere.  In  Melampyruiil, 
Bhinantkus,  and  Pedicularis,  their  edges  are  closely  united  so  as  to 
form  a  single,  more  or  leas  distinctly  four- chambered  receptacle. 

c.  The  shedding  of  the  pollen.  In  0.  lutea  and  0.  serotina 
the  anthers  must  be  touched  in  order  to  shed  their  pollen ;  in 
0.  lulea  each  must  he  touched  separately,  but  in  0.  s«rotina 
one  touch  is  communicated  to  all.  In  M.  ojfimntlis  tlie  lower 
anthers,  in  Mdavqiijram,  all  of  them,  bear  sharp  appendages  which 
point  downwards,  and  which,  when  touched,  cause  the  pollen  to 
fall  out.  In  lihinnnthm,  the  pollen-receptacle  is  opened  by 
pushing  apart  the  filaments.  In  Ffdiculciris,  the  edges  of  the 
hood  which  incloses  the  pollen-receptacle  are  separated  by  a 
complex  system  of  levers,  and  the  pollen-receptacle  then  opens. 
In  all,  except  0.  lutea,  hairs  directed  downwards  (either  from  the 
edges  of  the  anthers  or  from  the  filaments)  prevent  the  pollen 
being  scattered  at  the  sides. 

d.  The  path  of  the  bee's  proboscis.  In  0.  lutea  and  E.  offinnalia 
the  path  is  only  marked  out  by  the  entrance  of  the  tube  ;  but  in 
0.  lutea  the  bee's  proboscis  cannot  fail  to  come  in  contact  with  one 
or  other  of  the  anthers,  and  in  E.  ojicinalis  with  their  appendages. 
In  the  other  four  species  sharp  points  on  the  filaments  or  on  the 
edges  of  the  upper  lip  cause  the  bee  to  insert  the  tip  of  its 
proboscis  just  in  such  a  p'^sition  that  it  may  first  touch  the  stigma 
and  then  dust  itself  with  pollen. 

In  regard  to  all  four  characters  Odontites  lutea  stands  lowest, 
and  Fediciilarvi  silvatica  highest. 

Cross-fertilisation  in  case  of  insect-visits  is  insured  in  all  the 

six  species  by  the  stigma  being  touched  in  all  or  most  flowers 

by  the  same  part  of  the  ins«ct  which  is  immediately  afterwards 

1  dusted  with  pollen.     In  three  species  out  of  the  six,  two  forms  of 

1  flowers  occur,  of  which  one  is  sparingly  visited  by  insects  and  in 
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their  absence  fertilises  itself  regularly,  and  the  other  is  abundantly 
visited  by  insects  and  is  incapable  of  self-fertilisation.  In  Euphrasia 
officinalis  and  Bhinanthus  crista-galli  it  is  the  small-flowered  form, 
in  Odontites  serotina  it  is  the  plants  inhabiting  shady  places,  which 
receive  so  few  insect- visits  that  self- fertilisation  becomes  necessary ; 
in  Melampymm  and  Odontites  lutea  self-fertilisation  occurs  in 
absence  of  insects,  but  in  all  flowers  without  distinction;  in 
Pedicviaris  silvatica  alone,  the  conspicuousness  of  the  flowers  and 
the  perfection  of  the  pollen-apparatus  insures  cross-fertilisation  so 
well  that  self-fertilisation  never  takes  place. 

The  section  of  the  Scrophularinese  characterised  by  a  pollen- 
distributing  mechanism  is  remarkable  also  for  the  gradations  in  the 
development  of  its  nectaries.  Usually  part  of  an  organ  already 
present  secretes  honey,  especially  the  lower  part  of  the  outer  wall  of 
the  ovary,  which  sometimes  secretes  its  honey  all  round  (Tozzia), 
sometimes  mainly  or  solely  in  front  {Euphrasia  and  Odontites), 
With  the  growth  of  this  new  function  the  secreting  tissue 
thickens  and  forms  a  protuberance  scarcely  noticeable  in  Euphrasia 
minima,  but  evident  in  E.  salisburgensis  and  Pedicularis  asplenia 
folia,  Fl. ;  it  becomes  a  strongly  marked  swelling  in  P.  verticillata, 
L.,  and  P.  recutita,  L.,  which  in  F.  palustris,  L.,  is  more  sharply 
marked  off  from  the  ovary,  and  in  Bhinanthus  becomes  a  cup 
extending  forwards  from  the  base  of  the  ovary,  which  contains 
the  nectar,  and  is  most  perfectly  developed  in  B.  alpinus.  We 
thus  have  a  complete  series  of  transitions,  from  secretion  of  honey 
by  an  organ  whose  proper  function  is  quite  different,  to  the 
development  of  a  special  nectary. 


REVIEW  OF  THE  SCROPHULARINESE. 

The  Scrophularinea)  described  above  may  be  arranged  in  four 
groups  according  to  their  pollen-distributing  mechanism  and  the 
insects  which  fertilise  them. 

1.  Verbasnim  and  Veronica  have  open  flowers,  with  short  tubes 
and  freely  exposed  reproductive  organs  which  insect-visitors  may 
come  in  contact  with  at  any  part,  though  they  as  a  rule  touch  tlie 
stigma  before  the  anthers.  Only  in  some  Veronicas,  especially  in 
V,  ChanuBdrys,  the  filaments  by  spreading  apart  and  thinning  away 
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at  the    base  form  a  delicate    pollen- distributing  apparatus.     The 
fertilisers  are  flies  and  bees, 

2.  ScTojihularia  has  short,  round,  brownish  flowers,  with  a 
widely  open  mouth  and  easily  visible  honey.  The  stigma  ripens 
before  the  antliers,  aud  both  come  in  contact  inferiorly  with  the 
insects.     Wasps  are  the  chief  fertilisers. 

3.  IHgitalis,  AtUirrhinum,  and  Linaria  have  loug  and  wide 
tubes,  open  in  Digitalis  and  closed  in  the  other  two.  The  insect- 
visitor  creeps  entirely  or  almost  entirely  into  the  tube,  and  touches 
anthers  and  stigma  with  its  back.  The  fertilising-agents  are  lai^ 
bees. 

4.  Euphrasia,  Odontites,  Rhinanth%is,  MdariLp^rinn,  and  Pedicii- 
laris  have  narrow  tubes  whicL  divide  into  an  upper  lip  protecting 
the  anthers,  and  a  lower  lip  serving  as  a  platform  for  insects  to 
alight  on.  They  dust  their  insect-visitors  with  smooth,  powdery 
pollen.  The  forms  with  shorter  tubes  are  fertilised  by  bees  and 
flies,  those  with  longer  tubes  almost  exclusively  by  bumble-bees. 

On  the  Alps  we  have  in  addition  Toztin,  fertilised  by  fliea, 
Rhinanthv^s  Atrrforoluph us  by  humble-bees  and  Lepidoptera,  and 
Ji.  alpiniis  by  Lepidopteni  (609). 

In  almost  all  the  Scrophularineoe  that  we  have  considered, 
cross-fertilisation  is  effected  by  tlie  stigma  being  touched  before 
the  stamens  or  pollen-apparatus  by  insect -visitors ;  but  in  some 
cases  dichogamy  also  occurs.  In  default  of  insect- visits,  self-fertili- 
sation takes  place  in  most  forms ;  and  only  in  a  few  are  insect- 
visits,  and  consequently  cro.sa -fertilisation,  so  far  insured  that  self- 
fertilisation  is  never  required  and  has  become  impossible. 

This  famdy  affords  another  instance  of  the  association  of  certain 
colours  with  fertilisation  by  certain  insects.  In  the  section  charac- 
terised by  loose  dry  pollen,  the  lowest  forma  {Tozzia,  OilotUitts 
Intra,  and  Euphrasia  minima')  are  all  yellow,  while  in  the  highest 
{Mdav.pyrum,  Pediciilafis)  red  and  purple  colours  apjiear.  The 
uncommon  colour  of  Serophvinria  must  be  referred  to  the  [)eculiar 
taste  of  its  visitors,  the  wasps.  The  colours  of  the  genus  \^€roniea, 
which  is  fertilised  by  flies,  remain  to  be  explained.  Most  sppcies 
have  light  or  dark  blue  flowers ;  those  of  V.  tirtirifoHn.,  and  V. 
peregriiia,  L.,  are  pink.  In  spite  of  its  apparently  simple  flower; 
Veronica  is  by  no  means  a  primitive  form  among  the  Scrophu- 
larinero :  the  symmetrical  flower,  the  specially  differentiated 
nectary,  the  reduction  of  the  sepals  and  petals  to  four,  and  of  the 
stamens  to  two,  are  all  characters  widely  i-emoved  from  the 
primitive  type.     The    slmrt-tirbcd  speries    of     Vrronici    must  W 
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looked  upon  as  the  more  primitive,  from  which  the  long-tubed  type 
of  V.  spicata  has  been  evolved  by  the  agency  of  bees  and  sand- 
wasps.  Two  diflferent  hypotheses  suggest  themselves  for  the  origin 
of  the  genus  Veronica.  In  the  first  place,  the  reduction  of  the 
stamens  to  two  may  be  due  to  the  development  of  the  delicate 
pollen-shedding  mechanism  adapted  for  SyrphidsB,  which  we 
found  to  be  best  developed  in  F.  Chamcedrys  and  F.  urticifolia ; 
just  as  in  Salvia  two  stamens  have  certainly  become  aborted 
owing  to  the  development  of  the  special  lever-apparatus  in  the 
others.  According  to  this  view,  the  oldest  Veronicas  are  those 
which  are  adapted  for  Syrphidse,  the  others,  with  short  tube  and 
flat  limb,  being  developed  from  them  by  degeneration  of  the 
pollen-mechanism ;  and  several  species  (e.^.,  V,  Beccdbunga  and 
V.  aphylla)  do  seem  to  show  such  a  degeneration.  But  it  is  con- 
ceivable that  the  ancestors  of  Veronica  suffered  reduction  in  the 
number  of  their  stamens  simply  in  consequence  of  gradual  dimi- 
nution in  size,  as  in  Lycopus  among  Labiates,  several  SaginsB 
among  Alsinese,  small-flowered  species  of  Ranunculus,  Chasalea, 
and  the  small-flowered  form  of  Stellaria  media,  L. ;  and  that  the 
pollen-mechanism  was  subsequently  developed  in  one  section  of 
the  genus.  In  this  case  we  must  ascribe  to  a  miscellaneous  lot  of 
Syrphidse  and  small  bees  the  blue  colour  of  the  simpler  Veronicas 
which  are  not  provided  with  any  special  adaptations  for  Syrphidae ; 
for  the  MuscidflB  and  other  Diptera,  which  also  visit  and  fertilise 
these  simpler  Veronicas,  show  no  signs  of  favouring  the  production 
of  a  blue  colour  in  any  other  instance.  I  see  as  yet  no  grounds 
for  preferring  either  of  these  hypotheses  to  the  other. 


Obd.  LENTIBULARIE^. 

Utricularia,  L. — Buchenau  has  investigated  thoroughly  the 
structure  and  development  of  the  flower.^  Hildebrand  has  ex- 
plained the  mechanism  of  fertilisation  (356).  An  insect,  thrusting 
its  proboscis  beneath  the  upper  lip  to  reach  the  honey  contained  in 
the  spur,  first  touches  with  its  back  one  of  the  stigmatic  lobes,  which 
project  beyond  the  anthers  and  have  their  papillar  surfaces  directed 
downwards ;  immediately  afterwards  it  comes  in  contact  with  tlie 
anthers  and  gets  dusted  with  fresh  pollen.  The  stigma  is  irritable, 
folding  upwards  at  once  on  being  touched,  so  that  pollen  cannot  bo 
applied  to  the  stigma  of  the  same  flower  as  the  insect  draws  back. 

1  Bof4in.  Zeiiung,  1865,  p.  63. 
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Pinguimla  alpina,  L. — The  structure  of  the  flower  is  similar,  but 
the  stigma,  instead  of  folding  up  by  its  own  irritability,  is  pushed 
upwards  by  the  retreating  insect  (Hildebrand,  356).  A  fly,  forcing 
its  way  iuto  the  pale  yellow  flower,  rubs  against  the  stigma  with 
its  back  and  dusts  it  with  pollen  from  another  flower.  It  now  tries 
to  move  upwards,  as  far  as  possible,  to  free  itself  from  certain  stiff 
hairs  directed  obliquely  backwards  on  the  inferior  wall  of  the 
corolla,  and  in  doing  so  it  dusts  its  back  with  fresh  pollen  (589, 
p.  334 ;  609).  Some  flies,  which  are  large  enough  to  get  caught 
flrmly  but  not  strong  enough  to  make  their  escape,  are  held  fast 
and  perish. 

Pinguicula  lusitanica,  L.,  is  self-fertilising  (Henslow). 

Pinguicula  vtUgaris,  L. — Axell  gives  a  figure  and  description 
of  the  flower,  which  agree  with  Hildebrand's  account  (17).  This 
species  is  adapted  for  bees  (609). 

Obd.  GESNERACEjE, 
The  flowers  are  markedly  proterandrous  (172,  178,  632). 

Obd.  BIGNONIACEJE. 

Bigrwnia,  L. — The  flowers  are  proterandrous.  The  lobes  of 
the  stigma  are  touched  first  by  an  insect-visitor,  and  therefore  get 
dusted  with  pollen  from  a  previously -visited  flower ;  they  then 
close  up  immediately,  before  pollen  from  their  own  flower  can 
reach  them  (178). 

Marty  aia,L.  (Pedalineae),  has  a  similar  arrangement  (172,  352). 

My  brother  Fritz  Mliller  fertilised  a  species  of  Bignonia  (Cipo 
alho  of  the  Brazilians)  in  South  Brazil  as  follows: — 

(1)  Twenty-nine  flowers  on  two  stocks  with  pollen  of  their  own 
stock  ;  all  fell  off  in  a  short  time. 

(2)  Thirty  flowers  on  the  same  two  stocks  with  pollen  from 
others  growing  near  by  ;  only  two  flowers  developed  fully,  but 
most  remained  longer  upon  the  stem  than  in  the  previous  case, 
and  many  showed  a  commencing  enlargement  of  the  ovary. 

(3)  Five  flowers  on  one  stock  with  pollen  from  another  growing 
at  a  distance  ;  all  five  were  fruitful  (551). 

Tecoma  capensis,  Lind.,  is  visited  and  fertilised  in  Natal  by 
honey-suckers  and  by  small  bees  (233). 
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Ord.  ACANTHACEJU. 

Thuribergia  alata,  Boj. — The  insect  entering  the  tube  of  the 
flower  to  reach  the  honey  at  the  base  first  touches  the  stigma  with 
its  back,  and  then  the  anthers,  which  are  provided  inferiorly  with 
pointed  processes  (352). 

Cryphidcanthiis  barbadevsis,  Nees.  {Rvellia  clandestina,  L.). — 
The  cleistogamic  flowers  were  known  to  Dillenius  (531). 

Eranthemxim,  L.,  DcedalacarUhus,  Anders.,  Dipteracanthtcs^ 
Nees.,^  jEchmanthcra,  Nees.,  and  Ruellia,  L.,  also  possess  cleis- 
togamic flowers  (167). 

Meyenia  ereda,  Benth. — The  mechanism  of  the  flower  of  this 
West  African  shrub  has  been  described  by  Mr.  Irwin  Lynch  (444). 
The  flowers  stand  nearly  horizontal.  The  style  lies  in  a  groove 
on  the  dorsal  side  of  the  tubular  curved  corolla.  The  stigma, 
which  stands  at  the  mouth  of  the  tube,  is  two-lipped ;  its  upper  lip, 
which  is  alone  receptive,  is  rolled  into  a  tube. 

The  anthers  stand  midway  in  the  corolla  tube,  and  are  furnished 
with  hairs  which  catch  the  pollen  as  it  is  being  shed.  The  broad 
lower  lip  of  the  stigma  projects  downwards,  obstructing  the  en- 
trance ;  it  first  acts  as  a  lever  to  bring  the  upper  lip  down  upon 
the  back  of  an  insect  entering  the  flower ;  but  afterwards,  as  the 
insect  emerges  with  its  back  dusted  with  fresh  pollen,  the  lower 
lip  of  the  stigma  protects  the  upper  one  from  contact. 

StrobilantJies  {Ooldficssia)  anisophylla,  ^ee&, — This  flower  was 
carefully  described  and  beautifully  figured  by  Charles  Morren  in 
1839  (541  a).  Morren  saw  that  insects  were  needed  to  eflfect  fertilis- 
ation, but  he  thought  only  of  self-fertilisation,  and  accordingly  he 
misinterpreted  the  mechanism  of  the  flower. 

The  flowers  stand  nearly  horizontal.  The  tip  of  the  style  only 
bears  stigmatic  papillsB  on  its  lower  (anterior)  surface  ;  it  is  curved 
upwards  so  that  an  insect  in  entering  the  flower  comes  at  once  in 
contact  with  the  stigma.  W^hen  the  stigma  is  touched  (or  even  if  it 
be  breathed  upon)  it  at  once  becomes  straightened  out  and  gener- 
ally curves  at  the  same  time  to  the  right,  and  it  becomes  closely 
appressed  to  the  inferior  wall  of  the  corolla.  The  insect  passes 
further  into  the  flower,  and  becomes  dusted  with  fresh  pollen  :  tliis 
is  carried  out  of  the  flower  without  coming  in  contact  with  the 
stigma.  According  to  Morren  the  irritability  of  the  style  is  Duver 
manifested  until  after  dehiscence  of  the  anthers. 

^  Bentham  and  Hooker  place  this  genus  under  Rucllia. 
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Mon'eu  supjwsed  tliat  tlie  polieu  fell  of  its^elf  from  the  anthers, 
and  either  came  directly,  or  was  carried  by  small  insects,  to  tlie 
haira  upon  the  inferior  wall  of  the  corolla  in  the  neighbourhood  of 
the  Btigma;  and  that  thus,  when  by  any  cause  tlie  style  was 
irritated,  the  stigma  curved  over  and  applied  itself  to  the  pollen. 

Ananihits  vwliis,  L.,  and  A.  spinosits,  L. — The  four  unilocular 
anthers  lie  close  together  and  hold  between  them  the  loose  pollen. 
The  inferior  filaments  pass  below  and  in  front  of  the  anthers,  and 
are  suddenly  bent  back  towartla  them  immediately  below  their 
attachment.  The  bee-visitors  {Bomints  itali-ciis  and  B.  terrestri^) 
have  to  pass  between  these  inferior  filaments,  and  in  doing  so  force 
both  them  and  their  anthers  apart,  and  cause  the  pollen  to  fall  out. 
The  proterand roils  condition  lasts  for  several  days,  and  then  the 
end  of  the  style,  which  was  straight  before,  bends  downwards  and 
forwards,  so  that  the  lobes  of  the  stigma  come  in  contact  with  the 
bee  (172,  [78,  360). 

Aphdandm  pedtTiaia.WiM.  (A.crisiata.U.  B.  and  Kth).— The 
two  lobes  of  the  corolla  which  form  the  upper  lip  are  rolled  round 
the  anthers  j  the  two  lateral  lobes  are  approximated,  forming 
folding  doors  which  close  the  entrance  of  the  tube.  When  these 
doors  are  opened  they  cause  the  lobes  of  the  upj>er  lip  also  to 
separate,  and  the  anthers  are  set  free  and  shed  their  pollen  on  the 
visitor.     The  fertilising-agents  are  probably  humming-birds  (178), 

Bkinacanthits  communiA,  Nees.,  is  markedly  proterandroiis.  In 
the  first  stage,  the  two  anthers  are  bent  down  into  the  entrance  of 
the  flower,  and  the  still  immature  stigma  is  bent  upwards ;  in  the 
second  stage  the  anthers  are  bent  apart  to  the  sides,  and  the  ripe 
stigma  b  placed  exactly  in  the  path  of  the  insect's  proboscis.  The 
visitors  are  probably  Lepidoptcra  (177)- 

Ord.  SELAGIiVE^  {GLOBVLARIACE^. 

Globularia  tulgaris,  L.,  is  proterandroua ;  G.  cordifolia,  L.,  and 
G.  nudicaulis,  L.,  are  proterogynous  with  persistent  stigmas.  The 
flowers  of  all  three  are  light-blue  and  adapted  for  fertiUsation  by 
butterflies.  This  is  the  only  instance  in  the  German  and  Swiss 
flora  of  a  blue  colour  being  produced  by  the  selective  agency  of 
Lepidoptora  (6og). 
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Ord.  VERBENACEJE, 

^gvphila  data,  Sw.,  and  JE,  mollis,  H.  B.  and  Kth.,  are  con- 
spicuously heterostyled.  jE.  ohdurata  "  probably  was  once  hetero- 
styled,  and  has  since  been  rendered  dioecious  by  the  pistil  in  the 
one  form  and  the  stamens  in  the  other  having  become  functionless 
and  reduced  in  size"  (Darwin,  167,  p.  124). 

Verbena  officinalis,  L.,  is  adapted  for  fertilisation  by  bees  (590, 
lU.,  and  609). 

The  flowers  of  a  Lantana  in  South  Brazil  are,  according  to  Fritz 
Mtiller,  yellow  on  the  first  day,  orange  on  the  second,  and  purple 
on  the  third.  Some  butterflies  visit  the  yellow  and  orange  flowers, 
some  exclusively  the  yellow,  none  the  purple.  So  this  change  of 
colour  increases  the  conspicuousness  of  the  plant,  and  at  the  same 
time  saves  many  useless  visits  (560). 

Odmum,  L. — In  this  genus  the  Labiate  type  of  flower  is  reversed, 
the  stamens  and  style  lying  upon  the  under  lip,  while  the  upper 
side  of  the  tube  lodges  the  honey,  which  is  protected  by  hairs  on 
the  superior  stamens.  Therefore  the  stamens  first  curve  upwards, 
the  style  downwards,  and  afterwards  in  the  contrary  direction; 
which  is  the  reverse  of  what  occurs  in  Teucrium,  for  instance.  The 
fertih'sers  are  bees  of  the  genera  Anthidium,  Apis,  Bomhus,  and 
Halictus  (178,  360). 

Obd.  LABI  at JE. 

Plectranthus  fruticosus,  L'H^r. — The  reproductive  organs  lie 
below  the  entrance  into  the  honey-receptacle,  which  is  a  spur-like 
development  of  the  base  of  the  corolla.  In  the  first  stage  the 
style  lies  with  unripe  stigmas  between  the  stamens  ;  in  the 
second  the  stamens  have  spread  apart,  and  the  style  with 
outspread  stigmas  §tands  alone  in  the  way  of  insect-visitors  (360). 

336.  Lavandula  vera  (L.),  D.  C. — The  spikes  of  small  blue 
flowers  attract  many  insects,  especially  bees,  by  their  strong  scent, 
and  supply  abundant  honey.  The  tube  is  6  mm.  long,  and  the 
nectary  resembles  that  of  Thymus  in  size  and  position.  The 
stamens,  which  lie  in  the  iuferior  side  of  the  tube,  overtop 
the  stigmas,  but  the  wcll-mfu;ke4  protcrandry  insures  crosbT 
fertilisation. 

(1)  Anthophora  (iiiadrimaculata,  Pz.  ?  <J,  ab.  ;   (2;  Osmia   anua,    L.  ^, 
freq.  ;  (3)  0.  rufa,  L.  9.>  s.  ;  (4)  Megachile  pyrina,  Lep.  (fasciatii,  Sm.\  ^J, 
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freq. ;  (5)  M.  WillngliLiella,  K,  g  ;  («■;  Si.  eentnncnlaris  L.  (J  ;  fT)  AnthidiiUD 
ronnicatnni.  L.  9  J ,  ah.  ;  (8)  Cnrfian  sculelUris,  Pi.  5  J.  ab.  ;  (9)  CwlioiyB 
cnnoiilea,  IIL  9i  f^"*!*  i  (I**)  ^  nmbrina,  Sm.  9;  (llj  ChelMIoma  mgiiconie, 
Nyt  [J,  »ll  only  sucking.    See  abto  No.  590,  ni. 

.  Mentha  abtessis,  L. — The  base  of  tLe  ovary,  which 
secretes  tLe  honey,  is  several  times  as  large  as  the  ovary  itself. 
(n,  i.  Fig.  159J.  The  corolla  forms  a  bell,  which  in  the  pistillate 
flowers  is  about  2  mm.,  in  th«  hermaphrodite  about  3  mm.  long, 
1  both  is  fiilly  half  as  wide  at  the  mouth  as  it  is  long.  The 
honey  is  accessible  to  very  short-lipped  insects,  and  it  is  completely 
sheltered  from  rain  by  Lairs  which  extend  from  the  sides  of  the 
bell  to  its  centre.     The  flowers  make  themselves  perceptible  at  a 
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distance  by  their  scent,  and  their  close  whorled  arrangement  renders 
them  conspicuous  to  the  eye,  still  more  in  the  case  of  tLe  large- 
flowered  Lermaphrodite  than  the  smaller  female  plants.  I  hare 
verified  by  direct  observation  in  the  case  of  Mentha  the  opinion 
to  which  I  shall  recur  in  describing  Nepeta  and  Thymus,  that 
insects  visit  the  more  conspicuous  flowers  before  those  that  are 
less  BO ;  in  the  case  of  Nepeta  ajid  Thymus  I  Lave  neglected  to 
study  tliia  point  sufficiently, 

Visilore  ;  A.  Diptera — (a)  StraliomyidrE :  (1)  Odontomyia  viridula,  P.  ; 
(6)  Syrphidir. :  (2)  EriBtalid  nepulcralis,  L.,  very  ab. ;  (3)  Sjrilta  pipienn,  L., 
ab.  ;  (4)  MeJithreplUB  Bcriptue,  L.  ;  (6)  M.  UpniaHis,  M^n.,  bntli  not  rare,  %.  ; 
(r)  Mu»rv)fr:  {S}  On.^ia  floralis,  E.  D.  t  (7)  O.  sepiikmlii",  Mgn.,  bofh  ab.  ; 
{8)  Ludliadilvarum,  Mjoi-  ;  (9)  L.  cornicina,  F.  ;  (10)  PjTcUia cadaverina,  L. ; 
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(11)  L.  albiceps,  Mgn.,  the  last  four  Bpecies  not  rare.  B.  Lepidoptera — Rko- 
palocera :  (12)  Satyrus  Janira,  L.  All  these  insects  sucked  honey  only, 
though  I  expected  to  see  the  Syrphidce  at  least  eating  pollen. 

338.  Mentha  aquatica,  L.  (Jf.  hirsiUa,  Sm.). — While  in  Mentha 
arrensis  small-flowered  female  and  large-flowered  hermaphrodite 
flowers  occur  in  nearly  equal  numbers,  in  M.  aquaiica  the  former 
are  much  rarer  than  the  latter.  In  the  hermaphrodite  flowers  the 
tube  is  4  to  5  mm.  long,  and  about  2  mm.  wide  at  the  mouth ; 
otherwise  the  flower  resembles  that  of  3/.  arvens^is.  Although, 
owing  to  the  greater  length  of  the  tube,  the  honey  is  slightly  less 
accessible  than  in  M.  arvensis,  insect- visits  are  more  numerous, 
owing  to  the  taller  stalks  and  the  larger,  denser  heads  of  flowers. 

Visitors:  A  Hymenoptera — (a)  Apida:  (1)  Halictus cylindricus, F.  $  ;  (2) 
H.  maculatus,  Sm.  $ ,  both  ah.  ;  (3)  H.  longulus,  Sm.  $  ;  (4)  H.  nitidiusculus, 
K.  (J,  all  8.  ;  (6)  Ichneumonida :  (5)  Various  sp.,  some  creeping  hodily  into 
the  flowers.  B.  Diptera — (a)  Empidas :  (6)  Empis  rusticu,  Fallen  ;  (7)  E. 
livida,  L.,  hoth  ab.,  s.  ;  (8)  £.  tesselata,  F.,  do.  ;  (6)  Syrphida :  (9)  Ascia 
podagrica,  F.,  s.  ;  (10)  Eristalis  nemorum,  L. ;  (11)  E.  arbustorum,  L. ;  (12) 
E.  seneus,  Scop.  ;  (13)  E.  sepulcralis,  L.,  all  four  very  ab.,  sometimes  s.,  some- 
times f.p.  ;  (14)  Syritta  pipiens,  L.,  ab.  ;  (15)  Helophilus  pendulus,  L.,  ab. ; 
(16)  H.  trivittatus,  F.  ;  (17)  Syrphus  pyrastri,  L.,  ab.  ;  (18)  Melanostoma 
mellina,  L.,  ab.,  these  also  both  s.  and  f.p.  ;  (c)  Muscida :  (19)  Onesia  floralis, 
R  D.  ;  (20)  0.  sepulcralis,  Mgn.  ;  (21)  Sarcophaga  carnaria,  L.  ;  (22)  Musca 
corvina,  F.,  all  four  very  ab.  ;  (d)  Tahanidce  :  (23)  Chrysops  coecutiens,  L.,  s. 

Delpino  considers  Mentha  and  Colevs,  Lour.,  degraded  forms  of 
the  Labiate  type  (No.  178,  p.  143;  360,  p.  656);  he,  however, 
gives  no  reason  for  thinking  them  to  be  such,  and  not  rather  less 
specialised  forms,  differing  less  from  the  common  ancestors  of 
the  Labiates. 

The  flower  of  Coleus  {Bluinei,  Benth.  ?)  is  figured  and  described 
in  No.  560,  III. 

339.  Lycopus  EUROP-fiUS,  L. — The  corolla  forms  a  bell  3  to  4 
mm.  long,  2^  mm.  wide  at  the  mouth,  but  scarcely  1  mm.  wide  at 
the  base.  Honey  is  secreted  by  the  yellow  fleshy  base  of  the 
ovary ;  it  is  accessible  to  very  short-lipped  insects,  and  is  sheltered 
from  rain  by  long  hairs  which  project  from  the  sides  of  the  bell 
towards  its  centre.  Some  purple  spots  on  the  under  lip  serve 
as  guides. 

The  flowers  are  markedly  proterandrous.  When  the  two 
anthers  which  project  from  the  tube  come  to  maturity,  tlie  two 
stigmas  still  lie  folded  together  (Fig.  160,  1).     When  the  stigmas 


!  to  the  small  size  ol  the  nower ;  aS^BSf 
the  small  size  of  the  flower  causes  every 
with  them.     The  same  explanation  hold; 


flowers  are  the  smallest  among  Scrophu 
ore  among  Labiates, 

Vuitore  ;  A.  Hymenoptent — VetpidtE  :  (1) 
djadema,  b.,   fre.).   (Thur.).     B.    Diptera 
(cripluB,  L.,  ft.  anj  f.p.  ;  (3)  Syritta  pipiena,  1 
tc'uliK !  (4)  LiicilJA  silvarum,  Mgn.  ;  (5)  L. 
g ' It-i M»n..  All.,  n  -  m  PMImi 
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hermaplirodite  ones ;  his  theory  rests,  if  I  understand  it  rightly, 
upon  the  two  following  ailments.  Since  no  stigmas  are  mature 
at  the  time  when  in  the  first  flowers  of  a  proterandrous  plant  the 
stamens  dehisce,  these  stamrais  are  of  no  use  to  the  plant,  and  since 
all  economy  of  useless  organs  is  advantageous  to  the  plant,  the 
stamens  of  the  first  flowers  of  proterandrous  plants  can  be  abolished 
by  Natural  Selection.  This  reasoning  is  undeniably  correct,  but  it 
applies  only  to  the  first  flowers  of  proterandrous  plants,  and  not  to 


*-t.—T.  mgarii,  L, 
— Fanul*  dourer. 
—Plttll  of  hennaphndtto  flomr  li 
—Ditto,  in  Hoond  lU^;*.    ov,  otu 


the  female  stocks  of  Thymus  nhich  bloom  all  summer  beside  the 
hermaphrodite  j>nes.  This  in  my  opinion  is  only  to  be  explained  in 
tho  way  that  I  have  suggested  in  the  case  of  Nepeta  (p.  484).  The 
variability  in  size,  which  my  theory  presupposes,  is  present  in  our 
two  species  of  Thymus,  as  in  Nepeta,  to  such  a  degree  thnt,  while 
the  largest  hermaphrodite  flowers  (Fig.  161, 1,  2)  are  several  times  as 
large  as  the  smallest  female  (Fig.  161,  3),  the  smallest  herma]ihrodite 
and  the  largest  female  flowers  are  nearly  equal  in  size.   The  flowers 
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on  the  same  stock,  on  the  contrary,  are  all  mach  of  the  same  size, 
as  my  explanation  requires,  bat  the  hermaphrodite  flowers  enlarge 
in  passing  from  the  first  (male)  to  the  second  (female)  stage.  The 
certainty  of  cross-fertilisation,  which  is  also  necessary  for  my  theory, 
is  in  a  high  degree  a  character  of  Thymus;  for  the  honey  is  ex- 
ceedingly abundant  and  has  an  aromatic  taste,  the  base  of  the 
ovary  by  which  the  honey  is  secreted  (n,  5,  6)  If.  many  times  as 
large  as  the  ovary  itself,  the  aggregation  of  the  flowers  and  their 
strong  scent  reveal  them  to  insects  and  permit  insects  to  visit 
many  with  little  loss  of  time,  and  from  the  reproductive  organs 
protruding  beyond  the  corolla  many  flowers  may  be  fertilised  at 
once  as  the  insect  clambers  over  the  inflorescence.  The  tube  is 
smooth  at  the  base  where  the  honey  lies,  and  lined  with  hairs  above 
to  exclude  rain ;  it  is  only  a  few  millimetres  long  (2^  to  4  mm.  in 
T.  Serpyllum),  so  that  the  honey  is  accessible  to  a  great  variety  of 
insects.  Self-fertilisation  was  impossible  in  all  the  flowers  that  I 
have  examined,  for  the  style,  which  in  the  first  stage  is  short  and 
overtopped  by  the  anthers  (Fig.  161,  1,  5),  elongates  and  grows 
out  beyond  the  anthers  before  its  two  divisions  with  the  stigmatic 
papillae  at  their  tips  spiead  apart.^ 

Darwin  found  the  female  form  very  much  more  productive  than 
the  hermaphrodite,  both  in  T,  Serpyllum  and  T,  vulgaris. 

While  Darwin  in  England,  EUldebrand  in  the  Rhine  Provinces, 
Ascherson,  according  to  his  Flora,  in  Brandenburg,  and  I  in 
Westphalia  and  Thuringia,  have  only  observed  the  two  forms,  female 
and  hermaphrodite,  of  this  plant,  Delpino,  near  Florence,  has 
found  the  plant  trimorphic :  he  states  that  it  consists  there  of 
hermaphrodites  with  both  stamens  and  pistil  equally  developed ; 
of  others  with  greatly  developed  stamens  and  the  pLstil  in  every 
stage  of  abortion,  or  even  absent ;  and  finally,  others  with  greatly 
developed  pistil  and  more  or  less  aborted  stamens  (No.  173,  p.  7). 
In  England  also  there  seems  to  be  a  passage  towards  purely  male 
flowers,  for,  according  to  Dr.  Ogle  (No.  632,  p.  54),  in  many  of  the 
hermaphrodite  flowers  the  stigma  never  reaches  maturity.  With- 
out accurate  information  concerning  the  size  of  the  flowers,  the 
time  of  their  development,  the  frequency  of  insect-visits,  and  the 
relative  distribution  of  the  two  forms,  all  attempts  at  explanation 
must  be  unsatisfactory. 

Visitors :  A.  Hymen optera — (a)  Apidce  :  (1)  Apis  mellifica,  L.  ^ ,  s.  and 
c.p.,  ab.  ;  (2)  Bombus  pratorura,  L.  9 ,  do. ;  (3)  Saropoda  bimaculata,  Pz.  $  ^  > 

^  Compare  my  account  of  Nepeta  OUehoma,  p.  484,  and  Darwin's  account  of 
Thymiis,  No.  167,  p.  300. 
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ab. ;  (4)  Andrena  nigrosenea,  K.  $ ,  s. ;  (5)  Megachile  circumcincta,  K.  <} ,  8.  ; 
(6)  Nomada  germanica,  Pz.  ? ,  s.  ;  (7)  Coelioxys  sp.  ^J ,  s.  ;  (6)  Spkegidce : 
(8)  Ammophila  sabulosa,  L.  ?  cJ,  s.,  ab.  ;  (9)  Cerceris  variabilis,  Schr.  ?  (J, 
8.  ;  (10)  Lindenius  albilabris,  F.,  s.  B.  Diptera — (a)  Bombylidce :  (11)  Sys- 
toecbus  sulfureus,  Mik.,  s. ;  (6)  Syrphida :  (12)  Eristalis  arbustorum,  L.,  very 
ab.,  8.  ;  (13)  E.  sepulcralis,  L.,  s.  ;  (14)  Syritta  pipiens,  L.,  s.,  ab.  ;  (15)  Volu- 
cella  bombylans,  L.,  s.  ;  (r )  Conopid^E :  (16)  Conops  flavipes,  L.,  s.  ;  (17)  Sicus 
ferrugineua,  L.,  s. ;  (18)  Myopa  testacea,  L.,  s. ;  {d)  Musctda :  (19)  Lucilia 
comicina,  F.  ;  (20)  Ecbinomyia  teeselata,  F.  ;  (21)  Qy mnosoma  rotundata,  L. ; 
(22)  Ocyptera  brassicaria,  F.,  ab.  ;  (23)  Sarcophaga  camaria,  L.,  very  ab.  ;  (24) 
S.  albiceps,  Mgn.,  very  ab.,  all  only  Bucking.  C.  Lepidoptera — (a)  Rhopalo- 
cera :  (25)  Satyrus  pampbilus,  L.  ;  (26)  S.  Janira,  L.  ;  (27)  Argynnis  Aglaia, 
L. ;  (28)  Lycaena  icarus,  Rott.  ;  (6)  Sphinges :  (29)  Sesia  empiformis,  Esp 
(Almethal) ;  (30) ,S.  tipiiliformis,  L., — all  sucking.  See  also  No.  590,  iii.,  and 
No.  609. 

I  have  observed  altogether  on  T.  Serpyllum : — 


ApidsB. 

Lepidoptera.      Diptera. 

1 

Other  Insects 
5 

Total. 

In  the  LowlATids 

17 

20 

^      30 

72 
122 

In  the  Alps 

25 

65 

30 

2 

In  every  100  insect- visitors  there  are,  therefore : — 


In  the  Alps ... 


Apidc 


In  th3  Lowlands     ... 


23-6 


20-6 


Lepidoptera. 


27  7 


53-2 


Diptera. 


41-6 


Other  Insects. 


6-9 


24-6 


1-6 


Total. 


99-9 


99-9 


341.  Thymus  vulgaris,  L. — I  have  observed  the  following 
visitors  in  my  garden : — 

A.  Hymenoptera — (a)  Apida :  (1)  Apis  mellifica,  L.  9,8.;  (2)  Halictus, 
small  species,  s.  and  c.p.  ;  (6)  Sphegidas :  (3)  Ammophila  sabulosa,  L.  $  (^ ,  s. 
B.  Diptera — (a)  Empida :  (4)  Empis  livida,  L.,  s.  ;  {h)  Syrph%d<B  :  (5)  Syritta 
pipiens,  L.,  s.  and  f  p.,  ab. ;  (c)  Muscida :  (6)  Sarcophaga  albiceps,  Mgn.,  s., 
ab.    C.  Lepidoptera — Sphinges :  (7)  Sesia  tipuliformis,  L.,  s. 

342.  Origanum  vulgare,  L.— This  plant  agrees  with  Thymus 
in  consisting  of  large-flowered  proterandroiis  hermaphrodite,  and 
small-flowered  female  individuals,  and  in  the  whole  mechanism  of 
the  flowers ;  and  if  it  is  inferior  to  Th3rmus  in  perfume  and  in  the 


Visitor*  :  A.  Hymenopten — Apida  :  (I)  1 
Apie  niellifica,  L.  t) ,  1t«<|.  ;  (3)  HolictOB  cylit 
F.  j.butJi  «pedeB  very  ab.  ;  (5)  H.  nitidiis, 
Diplera — (n)  Mmfnda :  (6)  Empia  livida,  h.  ;  (' 
at).,  s.  ;  (fr)  Syrpbiila  :  (8)  Asda  podagrica,  F, 
■tOTum,  L.,  «.  and  f.p.,  ab.  ;  (10)  E.  uemonun, 
dnlDs,  Ik, s. ;  (f)  ODno^u/a .-  (IS)  Siciu ferragine 
Bondani ;  (1-1)  M.  Tuiegala,  Hgn.,  all  three 
Ocyptera  broseicaria,  F,  ;  (16)  0.  cvlimJiica,  F. 
iJberiU,  F.,  «b,,  sU  three  s,  C,  Lepidopten 
Janiro,  L.,  s.  ;  (19)  S.  lirpeiBnthus,  L.,  a.  I 
No.  609. 

SatuTfia  fiorlensis,  L.,  is  gynodioeciou 
are  much  more  productive  than  the  hei 
167  ;  for  list  of  visitors  see  No.  S90,  UL). 

343.  Calamistha  Clisopodium,  Sj 
The  nectaries  and  honey-receptacle  are 
Labiate  type.  The  corolta-tybe  is  10  to 
filled  for  a  space  of  3  mm.  with  honey. 

The  inferior  division  of  the  style  I 
lamina,  which  is  bent  downwards  and  b 
papilbe ;  the  upper  is  much  narrower 
varying  size.  There  is  still  niore  st 
development  of  the  stamens,  some  01 
or  completely  aborted  in  many  flow  ers. 
it  shows  us  how  Natural  Selection  coulc 
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344.  Calamintha  Acinos,  L.  : — 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  9  >  s.  and  c.p., 
ab.  (Thur.).  B.  Diptera  —  J5om%/i</af ;  (2)  SystCBchus  sulfureus,  Mik.,  s. 
(Thur.). 

Calamintha  alpina,  Lam. — Both  large-flowered  and  small- 
flowered  plants  occur,  the  flowers  of  both  being  hermaphrodite 
and  proterandrous,  but  only  the  small  flowers  being  capable  of 
spontaneous  self-fertilisation. 

The  plant  is  visited  by  Syrphidae  and  by  a  great  number  of 
bees  and  Lepidoptera  (584,  609). 

Horminum  pyrenaicum,  L. — The  dark-blue  colour,  the  odour, 
and  the  very  abundant  honey  attract  numerous  insects,  while  the 
marked  proterandry  renders  self-fertilisation  impossible  (No.  609, 
fig.  125). 

345.  MoNARDA  DIDYMA,  L. — I  have  seen  this  plant  visited  by 
PlvMa  gamma,  L. 

Monarda  ciliata  (?)  is  adapted  for  fertilisation  by  Sphingidae 
(228). 

Rosmarinus,  L.,  according  to  Delpino,  is  proterandrous,  and  the 
stigma  comes  to  take  the  place  of  the  anthers  (178). 

346.  Salvia  pratensis,  L. — The  remarkable  mechanism  of 
this  flower,  and  the  way  in  which  it  is  fertilised  by  humble-bees, 
was  so  thoroughly  explained  and  figured  by  Sprengel  ^  that 
Hildebrand,  in  his  work  on  Salvia  (345),  has  described  nothing 
new,  except  the  proterandrous  condition,  which  Sprengel  had 
overlooked. 

Honey  is  secreted  by  the  yellow,  fleshy  base  of  the  ovary.  The 
corolla  is  horizontal ;  the  under  lip  forms  a  convenient  platform 
for  insects,  and  the  erect,  helmet-shaped  upper  lip  incloses  the 
anthers.  In  the  first  stage,  the  style,  with  its  stigmatic  branches 
still  folded  together,  protrudes  almost  horizontally  from  the  upper 
lip,  in  the  second  it  points  downwards  with  divergent  and  recurved 
stigmas.  The  entrance  to  the  tube  is  guarded  by  two  lamellae 
which  converge  and  coalesce  with  one  another  anteriorly ;  these 
lamellae  are  attached  to  the  inferior  limbs  of  the  enormously  long 
connectives  of  the  two  stamens,  and  are  produced  by  meta- 
morphosis of  the  inferior  anther-lobes ;  the  other  and  much 
longer  limb  of  each  of  the  two  connectives  rises  up  under  cover  of 


1  >. 


70?,  pi.  I.  figs.  18,  24-33,  30,  4 J. 


draws  its  head,  the  connectives  with  the 
former  position.     In  old  flowers  the  bee  i 


Fia.  162.— Salvia  pratenriM^ 

I.— Flower,  from  the  right  lide. 

S.— Stameoi,  seen  obliquely  (  x  2). 

a,  fll&ment ;  5,  upper  arm  of  the  connective :  e,  lower  am 
e,  inferior  ditto,  tranifonned  into  a  lamina  cloeing  up  the  tu 
Inferior  anther-lobes ;  g.  atyle  in  first  stage :  g^,  stjie  in  second 
the  position  of  the  anUiers  when  rotated  forwards. 


sides  of  the  recurved  branches  of  the  now 
The  superior  pair  of  anthers  in  this  and 
of   Salvia  is   present  in   the   form   of 
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described  above,   and    eflfect   cross-fertilisation  regularly,   I  have 
only  noted  the  following  : — 

(1)  Bombus  sil varum,  L.  ?  and  9  ;  (2)  Osmia  mfa,  L.  ?  ;  (3)  Anthidium 
manicatum,  L.  ?  (very  freq.)  ;  (4)  Megachile  pyrina,  Lep.  (fasciata,  Sm.),  (J, 
all  sacking  normally. 

Among  useless  visitors  Sprengel  mentions  (p.  61)  cabbage-white  butterflies, 
which  insert  their  proboscis  in  the  small  space  between  the  lower  anther-lobes 
and  the  corolla,  and  obtain  the  honey  without  effecting  fertilisation.  I  have 
seen  Plusia  gamma,  L.,  acting  in  the  same  way,  I  have  also  seen  small  bees  in 
abundance  (Prosopis  communis,  NyL  ^  $ ,  Halictus  sexstriatus,  Schck.  9 1  H. 
nitidus,  Schck.  J ,  H.  nitidiusculus,  K.  ? ,  H.  morio,  F.  ? )  creeping  into  the 
flowers  and  reaching  the  honey  without  causing  more  than  a  slight  and  ineffectual 
movement  of  the  levers.  The  position  of  the  anthers  quite  prevents  flies  from 
stealing  the  pollen  of  this  flower,  and  I  have  never  observed  a  bee  sweeping 
the  anthers  with  its  tarsal  brushes.  Delpino  (No.  567,  pp.  9,  10)  unjustly 
questions  my  statement  "  that  in  Salvia  the  anthers  are  more  or  less  protected 
ftt>m  insects,  which  are  restricted  mainly  or  exclusively  to  the  honey."  A 
further  list  of  visitors  in  Low  Germany  (twelve  Apidae,  two  Bombylidce)  is 
given  in  Xo.  590,  ni.  On  the  Alps  I  have  seen  the  flowers  visited  by  the 
hive-bee,  by  six  humble-bees,  eleven  Lepidoptera,  and  Rhingia  (609). 

This  species  is  gynodioecious.  In  addition  to  the  large-flowered 
hermaphrodite  plants,  small-flowered  female  plants  occur,  in  whose 
flowers  the  now  functionless  lever-apparatus  shows  all  degrees  of 
abortion. 

This  species  is  remarkable  above  all  other  cases  of  gynodioecism, 
because  it  shows  us  the  gradual  abortion  of  all  the  stamens  of  a 
flower  in  four  distinct  stages :  (1)  The  first  of  the  five  stamens, 
which  must  have  been  placed  in  the  median  line  of  the  corolla 
superiorly,  and  is  still  present,  more  or  less  altered,  in  many  Scro- 
pbularinese  (Scrophularia,  Pentstemon),  had  already  disappeared  in 
the  common  ancestors  of  the  Labiates.  (2)  The  two  upper  stamens 
of  the  remaining  four  were  reduced  to  tiny  stalked  knobs  in  the 
ancestors  of  the  genus  Salvia.  (3)  The  inferior  anther-lobes  of 
the  two  remaining  stamens  produce  pollen  to  a  greater  or  less 
extent  in  S,  officinalis,  S,  porphyrantha,  and  S.  triangularis,  but  in 
S,  pratensis  they  are  transformed  into  two  hollow  laminae  which 
coalesce  anteriorly.  (4)  In  the  small-flowered  female  form  of  S. 
pratensis,  the  superior  anther-lobes  also  have  become  useless,  and 
subject  to  degeneration  in  common  with  the  whole  of  the  lever- 
apparatus  (570,  vol.  xvi,;  609). 

Salvia  Sclarea,  L.,  S.  CBthiopica,  S.  (irgentea,  L.,  S.  virgata, 
Ait.,  S.pendula,  Vahl.,  and  S.  rubra,  Spr.,  have  the  same  mechan- 
ism according  to  Hildebrand  as  S.  pratensis.  In  S.  n-utans,  L. 
(Hild.  figs.  4j-7),  on  the  other  hand,  the  rotation  of  the  connectives 
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adheres  readily  to  them.  As  the  anthers  dehisce  more  widely  and 
permit  the  pollen  to  escape,  the  style  elongates  and  extends  be- 
yond the  shorter  anthers,  often  bringing  the  stigmas  in  contact 
with  the  pollen ;  finally  it  protrudes  far  beyond  the  authera,  and 
in  this  position  is  always  touched  before  the  anthers  by  an  insect- 
visitor  ;  probably  the  pollen  brought  from  another  flower  and  thus 


t 


applied  outstrip.?  in  its  action  that  which  is  su  often  applied  in  tlie 
previous  stage  when  the  stiguaa  is  making  its  way  past  the  anthers 

A.  Kymeno-ptKta^Aiii/lie :  (1)  Boiiiliua  ngrornm,  F.  ?  2  (10 — 15),  ^,i 
B.  Diptera— iSi/f7)fti"(/(e .-  (2)  Vulucella  bonibylans,  L.  (7—8),  c.p.  (Sid.) ;  ^ 
EriBtftliB  horticola,  Mgn.  (Sid.),  c.p.  C,  Lepidopteni — Sphinga  .-  (4)  ZygBedi 
lonicene^  Esp.,  a.,  freq.  {Thur.  July  12,  lBfl8).  Additioiuil  viaitora  (fivo  b  ^^ 
and  fout  Lepiduptcra)  are  enuiuerated  in  No.  590,  in. 

Sideritis  romaiui,  L. — The  reproductive  oi-gans  are  iDcloeed 
within  the  tubular  flower ;  the  style  is  very  short ;  the  looga 
atamens  are  of  the  usual  form ;  each  of  the  shorter  stamens  bnS  4 
a  semicircular  connective  whicli  has  at  one  end  a  pcriect,  and  li 
the  other  a  rudimentary,  anther-lobe.  The  two  connectives  form 
together  a  complete  circle,  through  which  iiii  insect  must  thrust  iB 
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of  the  inferior,  and  the  two  connectives  lie  so  close  together  that 
one  moves  with  the  other.  A  bee  in  entering  first  thrusts  its  head 
against  the  two  inferior  anther-lobes,  and  thus  causing  the  connec- 
tives to  rotate,  it  is  immediately  afterwards  struck  on  the  back 
by  the  two  superior  anther-lobes.  The  pollen  thus  placed  on  the 
bee's  head  and  back  is  rubbed  oflF  in  older  flowers  upon  the  two 
stigmas,  which  are  divei^nt  and  much  bent  downwards. 

Dr.  Ogle  gives  a  very  detailed  description  of  this  species  of 
Salvia  (631),  and  rightly  lays  stress  upon  the  following  additional 
points  as  special  adaptations:  (1)  the  convexity  of  the  upper  lip, 
which  causes  the  growing  style  to  take  such  a  direction  that  after- 
wards its  outspread  stigmas  must  come  in  contact  with  the  bee's 
back ;  (2)  the  bulging  of  the  upper  wall  of  the  anterior  part  of  the 
tube,  which  gives  the  inferior  anther-lobes  free  play  when  the 
connectives  rotate  ;  (3)  the  shortness  and  stiffness  of  the  filaments, 
which  give  a  steady  fulcrum  for  the  connectives  ;  (4)  the  divergence 
of  the  filaments,  which  leaves  a  free  entrance  for  the  bee. 

Besides  the  hive-bee,  which  Sprengel  and  Hildebrand  also  saw, 
I  have  observed  Bovibus  sil varum ^  L.  ?,  Anthophora  cestivalis^ 
Pz.  ?,  Anthidium  manicatinn,  L.  ?,  Osmia  rnja,  L.  ?,  as  regular 
fertilisers ;  all  w^ere  sucking  honey  exclusively.  Of  useless  guests, 
Hildebrand  observed  a  butterfly,  which  could  easily  reach  the 
honey  with  its  proboscis  without  dusting  itself  with  pollen.  I 
have  seen  a  small  species  of  bee  with  abdominal  collecting- 
brushes,  Chelosfoma  camixnmlarum,  9  S ,  repeatedly  creeping  in  and 
out  of  the  flow^ers  without  being  dusted  with  pollen;  and  Herr 
Borgstette  sent  me,  from  Teklenburg,  Frosopis  communis,  Nyl.  9, 
which  he  had  caught  on  the  flowers.  A  further  list  of  visitors  is 
given  in  No.  590,  III. 

According  to  Delpino,  the  anthers  of  S.  oJlirAvali%  like  those 
of  Sideritis,  are  provided  with  sticky  glands  (178). 

Salvia  porphyrantha  resembles  S,  ojjicinalis  in  the  aiTangement 
of  its  connectives,  and  in  the  inferior  anther-lobes  being  filled 
with  pollen,  though  with  a  smaller  quantity  than  that  present  in 
the  superior  lobes.^ 

Salvia  glutinosa,  L.,  according  to  Dr.  Ogle  (631),  differs  from 
S.  officinalis  in  that  the  inferior  anther-lobes  are  quite  barren  and 
are  withdrawn  within  the  tube,  and  that  the  inferior,  not  the 
superior,  side  of  the  anterior  part  of  the  tube  bulges  out.  It  is 
fertilised  by  large  humble-bees;  small  humble-bees,  aud  liivc- 
bees  whose  proboscis  is  too  short  to  reach  the  honey  legitimately.. 

*  According  to  Mr.  T.  H.  Corry. 
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bite  a  hole  in  the  superior  side  of  the  tube  immediately  over  the 
nectary  and  steal  the  honey.  Dr.  Ogle  found  90  per  cent  of  the 
iiowers  bitten  through,  and  I  have  always  found  the  flowers  bitten 
through  and  robbed  of  their  honey  by  an  Alpine  robber-bee,  BanUms 
mastrucaius,  Gerst.  9  (609). 

Salvia  nilotica,  Vahl.  (345,  figs.  24,  25). — The  main  point  in 
which  the  flowers  differ  from  those  of  S.  officirudis  is  that  the  two 
inferior  anther-lobes  lie  freely  side  by  side,  and  the  connectives 
can  be  caused  to  revolve  separately.  Hildebrand  saw  them  visited 
by  bees. 

S.  rertidllata,  L.  (345,  figs.  26-30 ;  172),  has  immovable  con- 
nectives, but  an  upper  lip  which  folds  back  when  touched  by  an 
insect- visitor,  and  exposes  the  two  superior  anther-lobes  to  contact 
with  it.  The  style,  which  would  hinder  this  movement  if  in  its 
usual  place,  is  lower  down.  Hildebrand  saw  this  species  also 
visited  by  bees.  According  to  Delpino,  the  anthers,  like  those  of 
Sideritis  and  of  S.  officinalis,  are  provided  with  sticky  glands  (178, 
p.  145).  8.  verticillata  is  visited  by  numerous  species  of  bees  and 
humble-bees  (590,  lU. ;  609). 

In  S.paicTis,  Gov.  (172,  345,  fig.  31),  the  anthers  project  partly 
or  entirely  beyond  the  upper  lip.  The  connectives  are  versatile, 
and  the  lower  anther-lobes  are  metamorphosed  into  lamellae ;  the 
style  is  so  fixed  between  the  upper  arms  of  the  connectives  that 
when  the  connectives  revolve  it  is  carried  forwards  and  downwards 
with  them,  and  its  stigma,  which  projects  beyond  the  anthers,  is 
thus  brought  first  in  contact  with  the  insect's  back.  Ogle's  account 
(631)  agrees  with  Hildebrand's.  But  while  Hildebrand  considers 
self-fertilisation  and  cross-fertilisation  as  alike  possible.  Ogle  shows 
that  cross-fertilisation  is  insured.  When  an  insect-visitor  strikes 
the  lower  arm  of  the  connective,  its  back  is  touched  by  the  anthers 
and  a  little  farther  back  by  the  stigma,  and  the  space  between  the 
two  points  is  increased  by  the  lower  stigma  being  very  short  in 
comparison  with  the  upper.  As  the  insect  passes  further  in, 
anthers  and  stigma  rub  along  its  back,  but  no  pollen  from  the 
anthers  reaches  the  stigma  of  the  same  flower.  As  the  insect 
draws  back  anthers  and  stigma  return  to  their  places  below  the 
upper  lip ;  in  the  next  flower  the  stigma  comes  in  contact  with 
a  part  of  its  back  already  dusted  with  pollen.  In  several  flowers 
Dr.  Ogle  found  the  style  shorter  than  the  anthers;  in  such 
flowers  insects  might  lead  to  self-fertilisation  as  well  as  cross- 
fertilisation.  Ogle  states  the  very  surprising  fact  that  the  honey 
in  8.  patens  is  not  secreted  by  the  base  of  the  ovary  as  is  usually 
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the  case  in  Labiates,  but  by  a  thick  tuft  of  glandular  hairs  on 
the  corolla,  immediately  above  a  constriction  which  completely 
shuts  oflF  the  lower  part  of  the  tube  that  usually  serves  as  a  honey- 
receptacle. 

In  S.  austriaca,  Jacq.  (345,  figs.  32-35),  the  anther-lobes 
stand  far  apart  and  project  beyond  the  upper  lip.  If  the  lower 
arms  of  the  two  connectives  are  thrust  inwards  the  upper  arms 
converge,  and  the  anther-lobes  (moving  downwards  and  forwards) 
strike  against  each  other  in  front  of  the  mouth  of  the  flower. 

S.  triangularis,  Thunb.  (345,  figs.  36-39),  has  immovable 
connectives,  almost  straight,  and  lying  parallel  to  the  long  axis  of 
the  flower;  they  have  a  fully-formed  anther-lobe  at  each  end.  The 
two  anterior  anther-lobes  project  from  the  mouth  of  the  flower,  and 
are  the  first  to  touch  the  insect's  back  ;  the  two  posterior,  which 
stand  iu  the  entrance,  touch  its  sides  immediately  afterwards. 
In  the  second  stage  the  stigma  stiinds  in  front  of  the  anterior 
anther-lobes,  and  is  touched  first  of  all  by  the  insect. 

S.  tubijlora,  Sm.  (345,  figs.  40,  41). — The  mechanism  of  this 
flower  resembles  that  of  the  last-named  species  in  all  important 
points,  except  that  the  inferior  arm  of  each  connective  bears,  in- 
stead of  an  anther-lobe,  an  elongated  lamina  which  lies  in  contact 
with  the  upper  lip. 

348.  Salvia  silvestris,  L.,  agrees  on  the  whole  in  its  floral 
mechanism  and  in  its  proterandrous  condition  with  S.  pratensis,  but 
its  flowers  are  so  much  smaller  that  a  proboscis  only  4  mm.  long 
suffices  to  reach  the  honey.  I  observed  as  its  natural  fertilisers  in 
Thuringia :  (1)  Jpis  melUfica,  L.  9  (G),  sucking  honey,  and  dust- 
ing the  top  of  its  head  with  pollen  and  afterwards  applying  it  to 
the  stigma  in  older  flowers;  (2)  a  wasp,  Psammopliila  affinis, 
K.  9  (4),  in  abundance,  sucking  honey ;  and  as  useless  visitors, 
(3)  Pieris  rapa^,  and  (4)  P.  najn. 

Salvia  cleistogama,  de  Bary  and  Paul,  when  transplanted  to 
Halle  from  Africa,  bore  only  cleistogamic  flowers  for  five  years 
(Ascherson,  10).  Ascherson  considered  that  the  plant  afifordecl  an 
example  of  continuous  self- fertilisation  ;  but  he  himself  afterwards 
observed  ordinary  open  flowers  (11). 

Scarlet  species  of  Salvia  in  South  Brazil  are  visited  very  abund- 
antly by  humming-birds  (Fritz  Muller,  No.  359);  so  likewise  arc 
species  of  Salvia  in  the  Cordilleras  (Darwin,  No.  164,  p.  371). 

Salvia  splendcns,  Sellow  (distinct  from  the  plant  (lescrib(<l 
under  this  name  by  Hildebrand). — According  to  Mr.  W.  Trokase 
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this  plant  is  very  abundantly  visited  by  humming-birds,  and  is 
adapted  for  them  in  the  following  characters  :  the  small  under  lip, 
scarcely  fit  for  a  standing-place,  the  very  large  amount  of  honey, 
and  the  bright  scarlet  colour  of  the  calyx  and  corolla  (735)- 

349.  Nepeta  glechoma,  Benth.  (Glechoma  hederacea,  L.). — 
In  the  small-flowered  female  form,  the  tube  is  6y  to  8  mm.  long, 
widening  in  the  anterior  half  to  a  diameter  of  only  1^  to  2^  mm. 
laterally,  and  rather  less  antero-posteriorly  :  in  the  large-flowered 
hermaphrodite  plants  the  tube  is  9  to  16,  usually  14  to  16  mm. 
long,  and,  for  the  greater  part  of  the  anterior  half,  2|^  to  4^ 
mm.  broad,  being  slightly  less  in  the  antero-posterior  diameter. 
The  honey  in  the  small  female  flowers  is  accessible  to  all  our 
humble-bees,  while  the  large,  hermaphrodite  flowers,  by  widening 
anteriorly  to  admit  the  bee*s  head,  render  their  honey  accessible  to 
all  except  B,  terrcstris,  L. 

The  existence  of  plants  bearing  only  small  female  flowers  in 
Nepeta  and  also  in  Origanum^  Thymus,  Mentha,  and  others,  is  not 
to  be  explained  merely  by  the  necessity  of  insuring  cross-fertilisa- 
tion ;  for  in  all  these  genera  cross-fertilisation  is  completely  pro- 
vided for  by  the  hermaphrodite  forms  alone.  But  the  following 
view  of  the  small-flowered  female  plants  is  intelligible : — 

Of  the  flowers  of  the  same  species  growing  together,  the  most 
conspicuous  are  first  visited  by  insects,  and  if  the  flowers  on  some 
plants  are  smaller  than  on  others,  perhaps  owing  to  scanty  nourish- 
ment, they  will  generally  be  visited  last.  If  the  plant  is  so  much 
visited  by  insects  that  cross-fertilisation  is  fully  insured  by  means 
of  proterandrous  dichogamy,  and  self-fertilisation  is  thus  rendered 
quite  needless,  then  the  stamens  of  the  last-visited  small-flowered 
plants  are  useless,  and  Natural  Selection  will  tend  to  make 
them  disappear  because  the  loss  of  useless  organs  is  manifestly 
advantageous  for  every  organism. 

This  explanation  rests  upon  the  hypotheses,  (1)  that  the  flowers 
of  those  species  in  which  small-flowered  female  plants  occur  together 
with  large-flowered  hermaphrodite  plants  are  plentifully  visited 
by  insects  and  are  markedly  proterandrous ;  (2)  that  variation 
in  size  of  the  flowers  has  always  taken  place,  not  among  the 
flowers  on  a  single  plant,  but  between  the  flowers  on  different 
individuals. 

Both  hypotheses  are  well  founded.  For  (1)  the  flowers  of 
Nepeta,  Thipnns,  OHganuvi,  and  Mentha  are  plentifully  visited 
by  insects  and  are   markedly  proterandrous,  while  proterandry  has 
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been  quite  wrongly  ascribed  to  many  other  Labiates.  The  styles 
in  these  four  genera  are  still  applied  closely  together  after  the 
anthers  have  dehisced,  and  though  when  the  styles  separate  the 
anthers  may  be  still  coated  with  pollen,  self-fertilisation  is  pre- 
vented by  the  style  projecting  far  beyond  the  anthers.  In  species 
where  cross-fertilisation  is  less  perfectly  insured,  and  which  pro- 
duce seed  frequently  by  self-fertilisation,  the  smaller  hermaphrodite 
flowers  can  never  become  transformed  into  purely  female  flowers, 
since  their  anthers  are  always  of  real  service,  and  cannot  be 
removed  by  natural  selection.  And  (2)  it  cannot  be  doubted  that, 
in  Nepeia,  Thymus,  Origamtm,  and  Mentha,  the  size  of  the  flowers 
has  been  subject  to  great  variations,  since  the  same  condition 
occurs  even  now,  at  least  in  Ncpeta  and  Thymus,  While  flowers 
of  the  same  age  on  a  single  plant  differ  little  in  size,  we  find  on 
different  plants  all  intermediate  grades  in  size,  between  the  smallest 
female  and  the  largest  hermaphrodite  flowers ;  and  the  largest  female 
flowers  are  quite  as  large  as  the  smallest  hermaphrodite. 

Darwin  ^  adduces  several  weighty  objections  to  this  view,  and 
my  own  observations  on  Centaurea  Jacca  also  militate  against  it. 
Darwin  prefers  to  ascribe  the  gynodioecious  condition  to  increased 
fertility.  He  supposes  that  either  some  individuals  tended  to  pro- 
duce more  seed,  and  consequently  less  and  less  pollen,  until  finally 
their  stamens  disappeared ;  or  else  that  the  stamens  of  certain 
individuals  began  to  show  a  tendency  to  abort,  and  that  these 
individuals  consequently  produced  more  seed. 

Visitors :  A.  Hymenoptera — Apidcn :  (1)  Bombus  agrorum,  F.  9  ?  (^0 — 
15)  ;  (2)  B.  confusus,  Schenck,  ?  (12—14)  ;  (3)  B.  lapidarius,  L.  5  (10—12)  ; 
(4)  B.  hortorum,  L.  9  ?  (18—21) ;  (5)  B.  pratoniiii,  L.  ?  (11—12)  ;  (6)  B. 
Rajellus,  IIL  ?  (12—13)  ;  (7)  B.  silvarum,  L.  ?  (12—14) ;  (8)  B.  (Apathus) 
Barbutellus,  K.  ?  (12)  ;  (9)  B.  (A.)  vestalis,  Fourc.  ?  (12)  ;  (10)  B.  (A.) 
rupestris,  F.  9  (11 — 14)  ;  most  of  these  species  very  ab.,  sucking  both  female 
and  hermaphrodite  flowers  in  the  normal  way  ;  (11)  B.  terrestris,  L.  J  (7 — 9), 
always  bores  through  the  corolla  of  the  hermaphrodite  flowers,  and  sometimes 
of  the  small  female  flowers,  though  its  proboscis  is  long  enough  to  suck  the 
latter  normally  ; — sometimes  it  must  at  least  attempt  to  suck  the  hermaphrodite 
flowers  normally,  for  once  (May  7,  1871)  I  siiw  a  specimen  sucking  feniaU*. 
flowers  with  pollen  of  Kepeta  on  its  head  ;  (12)  Apis  mellifica,  L.  9 »  ^ii^'king 
the  female  flowers  normally  ;  once  (May  3, 1871)  I  siiw  it  insert  its  hea«l  into 
several  hermaphrodite  flowers,  but  afterwards  take  to  ])iercing  the  otnolla  witli 
its  maxilla; ;  (13)  Anthophora  pilipes,  F.  $  (J  (19 — 21),  very  ah.  ;  (14)  Osniia 
senea,  L.  ?  (9 — 10)  sc^irce  ;  (15)  0.  rufa,  L.  9  c?  C^— ^)j  ^*"^■king  l»«»th  kiinN 
of  flowers  normally  ;  (16)  O.  fusca,  Christ.  9  (8)  ;  (17)  Nomada  vai'a,  V/..  (^ 

^  Fonna  of  Flotrtrs^  p.  304,  etc. 
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above  this,  the  tube  suddenly  widens,  forming  a  pouch  anteriorly, 
and  its  direction  changes,  becoming  parallel  to  the  stem. 
Very  many  short-lipped  insects,  especially  flies  and  small  bees, 
which  are  too  small  to  effect  cross-fertilisation,  are  thus  excluded  ; 
for  Lamium  alburn^  like  so  many  of  our  native  flowers  with  tubes 
10  to  20  nmi.  long,  is  specially  adapted  for  humble-bees  and  other 
large  bees.  The  following  characters  of  the  corolla  exemplify  this. 
The  erect  part  of  the  tube,  which  is  7  mm.  long,  is  followed  by  the 
division  of  the  tube  into  a  bilobed  lower  lip  (5,  1)  which  serves  as 
a  landing-place,  two  erect  lateral  lobes  (c,  1)  which  admit  the  bee's 
head  between  them  and  are  continued  directly  upwards  from  the 
side-walls  of  the  tube,  and  the  horizontal  vaulted  upper  lip  («,  1) 
which  serves  to  shelter  the  anthers  (/,  1)  and  the  stigmas  (17,  1) 
immediately  below  it.     The  small  appendages  of  the  lateral  lobes 


Fkj.  167.— L«m<um  album,  L. 

1.— Flower,  from  the  aide. 
2.— Ditto,  after  removal  of  the  calyx. 
8.^— Ovary  and  nectary  (x  7). 
4.— Tip  of  the  style  (  x  7). 

o,  nectary ;  b,  under  lip :  c,  side-lobes  which  receive  the  bee's  head  between  them; 
d,  fimctionlcss  api^endages ;  «,  upper  lip  ;  /,  BDthers ;  g,  lower  division  of  the  style. 

(c,  1)  are  functionless  rudiments  of  the  primitive  five-lobed  corolla. 
One  of  the  divisions  of  the  style  which  lies  above  or  between  the 
anthers  lies  in  the  same  straight  line  with  the  style ;  while  the 
other,  a  little  shorter,  bends  downwards  almost  at  right  angles,  so 
that  its  stigmatic  tip  projects  below  the  anthers  (4,  Fig.  167). 
Cross-fertilisation  is  therefore  induced,  not  by  dichogamy,  but  by 
the  position  of  the  stigma.  In  absence  of  insects,  self-fertilisa- 
tion may  take  place,  but  it  is  doubtless  rare,  for  the  flowers  are 
plentifully  visited  by  bees. 

We  can  estimate  by  direct  observation  how  perfect  the 
adaptation  of  this  flower  is  to  bees*  visits.  The  bee  alights  on 
the  under  lip,  and  in  doing  so  thrusts  its  head  between  the  broad 
lateral  lobes  of  the  mouth,  clings  with  its  forefeet  to  the  base 
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of  the  under  lip,  and  with  its  mid  and  hindfeet  to  the  two  lobes 
of  the  under  lip ;  then,  if  its  proboscis  is  not  less  then  10  mm. 
long,  it  can  at  once  reach  the  base  of  the  flower.  While  sucking, 
the  thorax,  and  in  the  case  of  small  workers  the  base  of  the 
abdomen  also,  fills  up  the  space  between  the  upper  and  lower  lips, 
and  the  vaulted  upper  lip  fits  the  bee's  back,  which  is  pressed 
against  the  stigma  and  the  open  face  of  the  anthers.  These 
organs  are  often  rubbed  also  by  the  bee's  head  as  it  enters  the 
flower.  In  either  case,  the  lower  stigma  gets  touched  before  the 
anthers,  and  as  the  bees  fly  diligently  from  flower  to  flower,  cross- 
fertilisation  proceeds  regularly. 

The  following  observation  shows  how  much  this  plant  is. visited 
by  humble-bees  in  fine  weather.  One  fine  spring  morning  (May 
17,  1868),  while  I  was  watching  Bomhus  agrorum  feeding  on 
Lamiuvi  alburn,  I  observed  that  by  the  expansion  and  contraction 
of  the  bee's  abdomen  each  separate  act  of  sucking  could  be 
distinguished ;  and  that  it  was  possible  to  tell,  when  a  bee  began 
to  suck,  whether  the  flower  was  already  exhausted  of  its  honey. 
I  found  that  between  9  and  10  A.M.  a  bee  of  the  species  Bomhus 
agrorum  abandoned  four  to  five  flowers  on  an  average  after  a 
single  taste  before  it  found  a  flower  on  which  it  performed  the  act 
of  sucking  several  (four  to  six  or  even  eight  to  ten)  times.  By 
that  early  hour  of  the  day  four-fifths  of  Jill  the  flowers  of  this 
plant  had  been  emptied  of  their  honey. 

Visitors  :  Hymcnoptera — Apidce  :  (1)  Bombus  agrorum,  F.  9  ?  (10 — 15) ; 
(2)  B.  hortorum,  L.  5  ?  (18—21)  ;  (3)  B.  silvanim,  L.  ?  (12—14) ;  (4)  B. 
senilis,  Sm.  ?  (14—15)  ;  (5)  B.  hipidarius,  5  ?  (10—14)  ;  (6)  B.  Scrim- 
shiranus,  K.  ?  5  (10),  creeping  far  into  the  flower ;  (7)  B.  Rajellus,  111.  ? 
(12—13)  ;  (8)  B.  pratorum,  L.  ?  (11 — 12),  all  sucking  normally,  and  sometimes 
brushing  pollen  off  their  backs  into  the  pollen-basket«  ;  (9)  B.  terrestris,  L. 
9  (7 — 9),  bites  through  the  tube  close  above  the  calyx  in  open  flowers  and  in 
nearly  mature  buds  ;  (10)  Apis  mellifica,  L.  5  (6),  only  reaches  the  honey 
through  holes  bitten  by  B.  terrestris;  (11)  Anthophora  pilipes,  F.  9  ^J  ; 
(12)  Eucera  longicornis,  L.  ^  (10—12)  ;  (13)  Melecta  armata,  Pz.  ?  (12^), 
the  last  three  sucking  normally  ;  (14)  Andrena  nitida,  K.  $  (3i),  m., 
through  the  holes  bitten  by  B.  terrestris  ;  (15)  Andrena  albicans,  K.  $  ;  (Ki; 
Halictus laevigatas,  K.  9-  I  saw  these  last  two  collecting  pollen  ;  they  seemed 
as  likely  to  effect  self-fertilisaticm  as  cross-fertilisation.  B.  Diptera—  Si/rjJiuIir  .- 
(17)  Rhingia  rostrata,  L.,  creeps  a  little  way  into  the  flower  and  inserts  its 
tongue,  without  touching  either  stigma  or  anthers.  See  also  No.  590,  in., 
and  No.  609. 

Zeonurus    Cardmca,   L.,  is    visited    by  the    hivc-bcc    and    by 
humble-bees  (590,  lii. ;  609). 


fertilising  flowers,  the  plant  reproduot 
togamic  fiowers.  Tbese  have  been  d 
(759)  a'l'l  Hildebrand  (351). 

StiO.  Lamicm  Galeobdolon,  Cra 
long,  Bruooth  in  its  lower,  honey-holdii 
above ;  the  entrance  ia  expanded,  and 
base  of  the  Hower  though  its  proboscis  i 
branches  of  the  style  are  beset  with  v( 
do  not  increase  10  size,  and  they  diverg 
soon  after  the  flower  opens.  Cross-fert 
dichogamy  but  by  the  position  of  the  pf 
lower  division  of  the  style  lies  somewh 
of  the  anthers,  and  hence  if  the  bee's 
the  anthers  it  escapes  being  touched ; 
presses  forcibly  against  the  anthers,  th( 
contact  with  a  different  part  of  the  bet 
ceive  pollen  from  another  flower  than  it 
of  the  lower  stigma  comes  to  pn>ject 
now  regularly  touched  first  by  the 
on  plants  kept  in  the  house,  that,  i 
pollen  usually  falls  in  the  course 
stigma. 

The  visitors  are  exclusively  bees. 

(I)  BomliuB  hort'-rnm,  L.  9  (21).  al>,  :  (i 
(3)  B.  Rajpllvi».llL  9  (12-13);  (4)  B.  imni 
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that  supposing  that  a  bee  thrusts  its  head  5  mm.  into  the  wide  upper 
part,  a  proboscis  10  to  12  mm.  long  is  needed  to  reach  the  honey. 

Visitors  :  A.  Hymenoptera—  Apida :  (1)  Bombus  hortorum,  L.  9  ?  (18 — 
21),  very  ab.,  sucking  normally;  (2)  B*  agrorum,  F.  ?  (12—15),  do.;  (3) 
B.  terrestris,  L.  ?  (7—9),  bores  through  the  corolla  close  above  its  bend,  either 
piercing  it  with  its  maxillae  or  biting  a  hole  with  its  mandibles  ;  (4)  B.  Rajellus, 
IlL  9  (10—11),  steals  the  honey  through  holes  bitten  by  B.  terrestris.  B. 
DipUacA—Syrphida :  (5)  Rhingia  rostrata,  L.  (11 — 12),  f.p.,  after  trying  in  vain 
to  reach  the  honey.    See  also  No.  590,  m. 

362.  Lamium  puijpureum,  L. — The  tube  is  only  10  to  11  mm. 
long,  and  for  the  upper  4  to  5  mnu  it  is  wide  enough  to  admit  the 
head  of  a  small  humble-bee.  The  hive-bee,  though  its  pro- 
boscis is  only  6  mm.  long,  is  thus  enabled  to  suck  the  honey. 
Sprengel  calls  the  plant  proterandrous  ;  but  in  all  the  flowers 
which  I  have  examined  the  stigmas  and  anthers  developed 
simultaneously,  though  at  first  the  angle  between  the  two  stigmas 
was  less  than  it  afterwards  became,  and  the  lower  stigma  stood  at 
first  above  or  between  the  anthers,  but  afterwards  bent  down 
below  them.  To  decide  whether  the  stigma  is  already  capable  of 
fertilisation  when  the  flower  opens,  I  set  a  plant  of  L,  purpureum 
in  a  pot  (April  26,  1871),  and  removed  all  the  flowers  and  capsules 
already  present  on  it.  Next  morning  five  flowers  had  just  opened ; 
in  each  I  bent  back  the  upper  lip  and  the  four  anthers,  and  cut  the 
latter  off;  I  then  placed  upon  the  two  stigmas  (the  lower  of  which 
received  in  this  process  some  pollen  of  its  own  flower)  pollen  from 
freshly  opened  flowers  of  another  plant,  and  I  then  marked  my 
flowers  with  a  spot  of  ink  upon  the  calyx.  The  rest  of  the  flowers 
I  kept  in  my  room,  untouched  and  protected  from  insects.  All  the 
flowers  were  perfectly  fertile.  On  May  21  the  twenty  nutlets  of 
the  five  flowers  which  I  had  fertilised  on  April  27  had  all  fallen 
out,  and  I  succeeded  in  finding  them  all.  On  June  8  I  collected 
on  the  surface  of  the  pot  seventy-eight  nutlets  which  had  fallen 
from  the  self-fertilised  flowers.  Lamium  purpureum  is,  there- 
fore, certainly  homogamous,  and  in  default  of  insect-visits  fertilises 
itself  regularly. 

Visitors  :  A.  Hymenoptera — Apidit :  (1)  Apis  mellifica,  L.  5  (6)  ;  (2) 
Anthophora  pilipes,  F.  ?  5  (19—21) ;  (3)  Bombus  hortoniiu,  L.  ?  (21)  ;  (4) 
B.  pratorum,  L.  ?  (Hi) ;  (5)  B.  agrorum,  F.  ?  (12—15) ;  (6)  Melecta  armata, 
Pz.  ?  (12J),  all  sucking  in  the  normal  way,  and  sometimes  brushinjjj  off  the 
pollen  from  their  heads  into  their  collecting-baskets ;  (7)  Halictus  s(*xnotatus, 
K.  ?  (4)  ;  (8)  H.  cylindricus,  K.  ?  (3) ;  (9)  H.  leucopus,  K.  $  ;  these  three 
try  in  vain  to  reach  the  honey,  and  abandon  the  plant  after  a  few  attempts.  B. 
Diptera — Bombylidas :  (10)  Bombylius  major,  L.  (10),  s.     See  also  No.  590,  in. 
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363.  Lamium  racism,  Willd.:— 

'  Tiaiton :  Hjmenoptera — Apida;  (1)  AnthophoTS  pilipea, 
SI),  eib. ;  (2)  Bombiu  pratornm,  L.  $  (11)} ;  (3)  B.  BtyeUnn,  ID 
(4)  ApU  mellifica,  L.  ?  (6),  »U  anckiiig  nonuoUv  ;  <3)  Hklicta 
K.  ?  (3),  trying  in  vain  to  reach  the  honey. 

364.  Bil,LOTA  NIGRA,  L. — The  corolla-tube  is  c 
long ;  abore,  it  widens  so  little  that  a  hive-bee  can 
the  anterior  part  of  its  head,  and  can  just  reach  t 
the  flower  with  its  jvoboscis,  which  is  6  mpL  long, 
tnetrea  from  its  base  the  tabe  is  blocked  by  a  r 
h^rg,  which  permit  the  bee's  proboscis  to  pass  et 
would  suffice  to  exclude  rain-drops,  and  are  described 


obUqiwljr  Ima  tto  ftasi 


n 


as  serving  that  purpose ;  but  as  the  horizontal  po$ 
flower  and  its  vaulted  upper  lip  are  sufficient  protec 
rain,  their  true  use  seems  to  be  to  exclude  flics.  Sin 
ceed  irregularly  for  the  most  part  in  visiting  flowers,  t 
whose  proboscis  is  long  enough  to  reach  the  hone; 
{Rhingia,  Eriatalis,  etc)  might  rob  many  flowers  of 
without  fertilising  themj  but  the  ring  of  hairs  is 
prevent  the  expanded  end  of  a  fly's  proboscis  from  enl 
The  under  lip  is  marked  with  white  guiding-lines 
towards  the  mouth  of  the  tube ;  its  broad  central  lobe 
landing-place,  the  clefts  between  it  and  the  lateral 
firm  foothuld  for  the  forelegs  and  midlegs  of  the  1 
lateral  lobes  with  the  groove  between  them,  boui 
longitudinal  ridges,  guide  the  bee's  proboscis. 
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Cross-fertilisation  is  favoured  by  the  feebly-marked  proteran- 
drous  dichogamy,  and  by  the  relative  positions  of  stigma  and 
anthers.  At  first,  the  divisions  of  the  style  lie  close  together 
behind  the  anthers  (1,  Fig.  168) ;  afterwards,  when  the  pollen  is 
removed,  they  diverge  more  and  bend  down  in  front  of  and  below 
the  anthers  (2,  Fig.  168).  In  sunny  weather  bees'  visits  are  so 
plentiful  that  all  the  pollen  is  removed  before  the  stigmas  diverge 
and  bend  downwards.  During  rainy  weather,  and  in  plants  kept 
in  the  house,  great  part  of  the  pollen  as  it  escapes  from  the  anthers 
remains  adhering  to  the  long  woolly  hairs  which  cover  the  under 
surface  of  the  upper  lip,  and  the  inferior  stigma  ciurving  down- 
wards among  these  hairs  becomes  covered  with  the  pollen  of  its 
own  flower. 

Visitors  :  A.  Hymenoptera — Apida :  (1)  Apis  mellifica,  L.  § ,  s.  (6)  ;  (2) 
Bombus  Rajellus,  IlL  ?  (12—13),  ».  andcp. ;  (3)  B.  silvarum,  L.  (10—12),  s. ; 
(4)  B.  lapidarius,  L.  5  (10—12),  s. ;  (5)  B.  hypnorum,  L.  5  (10-^1),  s. ;  (6) 
B.  muscorum,  F.  ?  (13—14),  s.  ;  (7)  B.  (Apathus)  rupestris,  F.  J  (11—14), 
8. ;  (8)  Anthophora  quadrimaciilata,  Pz.  ?  (J  (9 — 10),  s.  and  c.p.,  very  ab. ; 
(9)  A.  furcata,  Pz.  ?  (J ,  s.  and  c.p.,  scarcer  (Thnr.) ;  (10)  Osmia  aurulenta,  Pz. 
5  (a— 9),».  (Thnr.,  Sid.) ;  (11)  0.  senea,  L.  ?  (9— 10),s.  ;  (12)  O.  fulviventris, 
Pz.  ? ,  s.  (Thnr.) ;  (13)  Anthidinm  manicatnm,  L.  ?  (J ,  wherever  Ballota 
grows,  very  ab.  in  snnny  weather,  the  females  diligently  collect  pollen  and 
suck  honey,  while  the  males  buzz  about  and  occasionally  descend  to  suck  honey 
on  a  flower  ;  (14)  Megachile  pyrina,  Lep.  (fasciata,  Sm.)  ? ,  s.  B.  Lepidoptera 
— (a)  Rhopalocera  :  (15)  Argynnis  Paphia,  L. ;  (16)  Vanessa  nrticae,  L.  (12) ; 
(17)  V.  cardui,L.  ;  (18)  Pieris  brassicae,  L.  (15) ;  (19)  P.rapai,  L. ;  (20)  Colias 
hyale,  L. ;  (6)  Sphinges :  (21)  Macroglossa  stellatanim,  L.  ;  all  these  Lepidoptera 
were  sucking ;  the  specimens  I  caught  had  their  tongues  dusted  with  pollen 
and  were  probably  effecting  fertilisation.    See  also  No.  590,  in. 

In  Prastanthera,  Labill.,  long  two-  or  three-toothed  appendages 
of  the  connectives  come  in  contact  with  the  insect  and  cause 
shedding  of  the  pollen  (178,  360). 

365.  Teucrium  Scorodonia,  L.,  is  markedly  proterandrous.^ 
When  the  flower  opens,  the  stamens  protrude  from  it,  lying  close 
to  the  superior  wall  of  the  tube,  and  continuing  in  a  line  with  it, 
or  bending  slightly  forwards.  The  two  divisions  of  the  style  are 
already  separate  but  stand  behind  the  stamens  so  that  they  escape 
being  touched  by  the  head  of  a  bee  visiting  the  flower ;  the 
anthers,  which  dehisce  inferiorly  by  a  longitudinal  slit,  shed  their 

*  Tho  proterandry  of  Teucrium  and  the  morements  of  its  reproductii'e  orj^ans 
have  been  described  by  Delpino,  No.  178,  Hildebrand,  No.  360,  pi.  x.,  and  Ogle, 
No.  632. 
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■witu  poUen.  ^^~^^^^^^^^^^^^~ 
Honey  ia  secreted  by  the  tissue  belc 
Labiates  that  I  have  esamined  (cf.  Fig 
that  the  corolla-tube  (which  is  9  to  )( 
to  a  depth  of  +  mm.     The  flowers  an 


1.— Flnwer,  In  flrat  (main)  >Ugo  (i 
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3.— Mlto,  al  Iha  end  ot  the  Hcmii 


aggregation,  and  in  spite  of  their  dull  c 
visited  by  insects  as  to  be  able  to  disp 

fertilisation. 

ViHitow  :  A.  Hfmenoptera — Apidts :  {1) 
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Teiicrium  Chamcedrys,  L.,  is  proterandrous ;  the  movements  of 
the  reproductive  organs  are  similar  to,  but  feebler  than,  those  of 
T.  Scorodonia.  The  visitors  are  bees,  and  a  proboscis  7  to  10  mm. 
long  is  requisite  to  reach  the  honey  (609). 

Teucrium  BotrySy  L.,  is  visited  by  species  of  Anthidium 
(590,  m). 

• 

366.  Ajuga  reptans,  L. — The  tube  is  9  mm.  long,  and  is 
expanded  for  2^  mm.  at  the  base;  the  lower  expanded  part  is 
white,  and  full  of  honey,  which  is  secreted  by  a  thick,  yellow, 
fleshy  gland  below  the  ovary  on  the  side  turned  towards  the  under 
lip.  The  upper  lip  is  absent,  but  the  protruding  anthers  of  each 
flower  are  sheltered  by  the  bract  of  the  flower  above.  When 
the  flower  opens,  the  two  stigmas  diverge  to  their  full  extent 
and  their  papillae  are  already  mature.  Cross-fertilisation  is 
favoured  not  by  dichogamy  but  by  the  position  of  the  organs. 
For  in  young  flowers  the  lower  division  of  the  style,  provided  at 
its  tip  with  stigmatic  papillae,  rests  upon  the  shorter  stamens 
which  lie  close  together,  and  is  protected  by  them  from  contact 
with  the  bee  visitors,  at  least  in  the  case  of  the  smaller  bees  which 
do  not  force  the  stamens  much  apart ;  while  all  the  anthers  turn 
their  pollen-covered  faces  forwards  and  downwards  so  as  to  touch 
all  insect-visitors.  Afterwards  the  inferior  stamens  separate,  the 
style  loses  their  support,  and  its  lower  division,  with  the  stigmatic 
tip  turned  downwards  and  forwards,  projects  between  the  anthers, 
and  is  touched  before  them  by  the  bee. 

In  absence  of  insects,  the  pollen  remains  adhering  to  the 
lower  surface  of  the  anthers  in  large  masses,  which  readily  come 
in  contact  with  the  stigma  and  effect  self-fertilisation. 

Visitors  :  A.  Hymenoptera — Apidtr :  (1)  Apis  mellifica,  L.  9  (6),  thnists 
the  greater  part  of  its  head  into  the  tube;  (2)  Bombus  lapidarius,  L.  5 
(12—14)  ;  (3)  B.  aKTonim,  F.  ?  (12—15)  ;  (4)  B.  confusus,  Scheiick,  ?  (12—14^; 
(5)  B.  muscorum,  F.  9  (13—14) ;  (6)  B.  pratorum,  L.  5  (8) ;  (7)  B.  silvarum, 
L.  9  (12—14) ;  (8)  B.  hortorum,  L.  ?  ?  (18—21)  ;  (9)  Anthophora  pilipes,  F. 
?  $  (19—21) ;  (10)  Osmia  nifa,  L.  $  (7—8)  ;  (11)  O.  aenea,  L.  ?  (9—10)  ; 
(12)  0.  fiisca,  Christ.  (=bicolor,  Schrk.),  all  sucking  normally  and  dusting 
their  heads  with  pollen  ;  (13)  Andrena  nitida,  Fourc.  9  {^h)  ;  (14)  A.  labialis, 
K.  (J ;  (15)  Halictus  zonulus,  Sm.  ?  (4)  ;  these  three  are  unable  to  reacli  tli<^ 
honey,  and  abandon  the  plant  after  visitinj;  a  few  flowers.  B.  Di]»t(ra — *S///:- 
phidce :  (16)  Bhingia  rostrata,  L.  (11 — 12),  usually  s.  and  f.p.  on  the  same  flower, 
while  sucking  it  dusts  its  head  with  pollen.  C.  Lepidoptcra— (or)  Rhoixilocera  : 
(17)  Pieris  brassic®,  L.  (15)  ;  (18)  P.  napi,  L.  ;  (19)  P.  rapap,  L.  ;  (20)  Rho- 
docera   rhamni,   L.   (15—16)  ;   (21)    Papilio    Podalirius,   L.  ;   (22)    Hesj)eria 
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pollen  on  the  bee's  head.  Gradually  the  filaments  bend  backwards 
(2,  1,  Fig.  169J  out  of  the  bee's  way,  while  the  two  stigmas  spread 
more  and  more  apart,  bending  slightly  forwards  into  the  place 
where  the  anthers  were  before.  In  absence  of  insects,  self-fertili- 
sation rarely  takes  place,  for  the  stamens  as  a  rule  do  not  touch 
the  stigmas;  yet  in  a  good  many  Bowers  the  anthers  come  in 
contact  with  the  stigmas  in  bending  backwards,  and  dust  them 
with  pollen. 

Honey  is  secreted  by  the  tissue  below  the  ovary,  as  in  all  the 
Labiates  that  I  have  examined  (cf  Fig.  168,  3),  and  so  plentifiilly 
that  the  corolla-tube  (which  is  9  to  10  mm,  long)  is  often  filled 
to  a  depth  of  4  mm.     The  flowers  are  rendered  conspicuous  by 


*¥g''®g'^*'''*°»  ^^'^ '°  spit*  of  their  dull  colour  they  are  so  abundanQy 
visited  by  insects  as  to  be  able  to  dispense  with  the  power  of  self- 
fertilisation. 

Visiturs:  A.  Hymenoptem—Apidm :  (1)  Bouibufl  pratorum,  L.  5  J  (8 — 
Hi),  a.,  very  ah.  ;  (2)  B.  aRrornm,  F.  5  5  (10—15),  do.  ;  (3)  B.  hypnonun, 
L.  J  (10),  B.  i  (4)  Anthophora  quadrimacuJatji,  Pi.  $  {9—10),  k.  ;  (5)  Saro- 
poda  binittoulata,  P*.  J  J  (9),  very  ab.,  s,  B.  Titytera^SsTphida  t  (8)  Eri- 
Btalis  nemormn,  L.,  f,p.,  and  thns  only  able  to  effect  fertilisation  occaBioniUTi 
It  is  notewortby  that  the  honey-bee  (whose  proboscis  is  6  mm.  long),  was  not 
obsen-e(l  on  tliis  abnndiuitly  nectariferous  flower.  It  would  be  jurt  mbla  tOi' 
taste  the  honey.    See  also  No.  590,  lu. 

Accerding   to   Dr.  Buchanan   White,  TeMrium  Scorodvaia  i 
visited  by  many  nocturnal  Lepidoptera  (773). 
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Teucrium  Chamcedrys,  L.,  is  proterandrous ;  the  movements  of 
the  reproductive  organs  are  similar  to,  but  feebler  than,  those  of 
T.  Scorodonia.  The  visitors  are  bees,  and  a  proboscis  7  to  10  mm. 
long  is  requisite  to  reach  the  honey  (609). 

Teucrium  Botrys,  L.,  is  visited  by  species  of  Anthidium 
(590,  ni). 

• 

366.  Ajuga  reptans,  L. — The  tube  is  9  mm.  long,  and  is 

expanded!  for  2^  mm.  at  the  base;  the  lower  expanded  part  is 

white,  and  full  of  honey,  which  is  secreted  by  a  thick,  yellow, 

fleshy  gland  below  the  ovary  on  the  side  turned  towards  the  under 

lip.     The  upper  lip  is  absent,  but  the  protruding  anthers  of  each 

flower  are   sheltered   by  the  bract  of  tlie  flower  above.     When 

the  flower  opens,  the  two  stigmas    diverge  to  their  full  extent 

and   their    papillse   are    already    mature.      Cross-fertilisation    is 

favoured  not  by  dichogamy  but  by  the  position  of  the  organs. 

For  in  young  flowers  the  lower  division  of  the  style,  provided  at 

its   tip  with  stigmatic  papillsB,  rests  upon  the  shorter  stamens 

which  lie  close  together,  and  is  protected  by  them  from  contact 

with  the  bee  visitors,  at  least  in  the  case  of  the  smaller  bees  which 

do  not  force  the  stamens  much  apart ;  while  all  the  anthers  turn 

their  pollen-covered  faces  forwards  and  downwards  so  as  to  touch 

all  insect^visitors.     Afterwards  the  inferior  stamens  separate,  the 

style  loses  their  support,  and  its  lower  division,  with  the  stigmatic 

tip  turned  downwards  and  forwards,  projects  between  the  anthers, 

and  is  touched  before  them  by  the  bee. 

In  absence  of  insects,  the  pollen  remains  adhering  to  the 
lower  surface  of  the  anthers  in  large  masses,  which  readily  come 
in  contact  with  the  stigma  and  effect  self-fertilisation. 

Vifiitors  :  A.  Hymenoptera— J/>iV/rp :  (1)  Apis  mellifica,  L.  9  (6),  thnists 

the   greater  part  of  its  head  into  the  tube;  (2)  Bombus  lapidarius,   L.    5 

(12—14)  ;  (3)  B.  agronun,  F.  ?  (12—15)  ;  (4)  B.  confusus,  Svhenck,  ?  (12—14^; 

(5)  B.  muscorum,  F.  $  (13—14) ;  (6)  B.  pratorum,  L.  5  (8)  ;  (7)  B.  silvarum, 

L.  9  (12—14) ;  (8)  B.  hortorum,  L.  ?  9  (18—21)  ;  (9)  Anthophora  pilipes,  F. 

9  S  (19—21) ;  (10)  Osmia  rufa,  L.  $  (7—8)  ;  (11)  O.  .a^nea,  L.  ?  (9-10)  ; 

(12)  O.  fusca,  Christ.  (=»bicolor,  Schrk.),  all  sucking  normally  and  diL^ting 

their  heads  with  pollen  ;  (13)  Andrena  nitida,  Fourc.  9  iZ\\  ;  04)  A.  labialis 

K.  i  ;  (15)  Halictus  zonuhis,  Sm.  9  (4)  ;  these  three  are  unable  to  rta-b  tbt- 

honey,  and  abandon  the  plant  after  visitinjj  a  few  ti«»\vers.     B.  Dii'ttia— ^'.v- 

phidiB  :  (16)  Rhingia  rostrata,  L.  (11—12),  usually  p.  and  f.p.  r.n  the  >,'mie  flowt  r, 

while  sucking  it  dusts  its  head  with  pollen.    C.  Lepidopter.i—  [a)  Wn.i>^ih-r*  ra  : 

(17)  Pieris  brassicaj,  L.  (15)  ;  (18)  P.  napi,  L.  ;  (19)  P.  rapaJ,  L.  :    20    Kho- 

docera    rhamni,   L.   (I.5— 16)  ;   (21)   Papilio   P<Klaliriu8,    L.  ;    f-l-l     Hesperia 
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alveolus,  H  ;  (&)  Sphinges :  (23)  Macroglossa  fucifonnis,  L.  (Strombeig),  all 
sucking.    See  also  No.  590,  11 1. 

Ajuga  pyramidalis,  L.,  is  said  by  Ricca  to  be  homogamous 
(665);  I  have  found  it  slightly  proterandrous,  and  visited  by 
humble-bees  (609). 

Ajuga  genevensis,  L. — The  flowers  are  larger  than  those  of  A. 
pyramidalis,  and  the  nectary  is  very  large.  The  plant  is  visited 
by  humble-bees  and  by  Lepidoptera.  A  proboscis  7  to  8  mm.  long 
is  requisite  to  reach  the  honey  (609). 


BEVIEW  OF  THE  LABIATE. 

Delpino  mentions  the  following  six  points  as  characteristic  of 
the  flower  in  Labiatse  (178). 

(1)  The  horizontal  position  of  the  axis  of  the  flower.  (2) 
Division  of  the  corolla  into  upper  and  lower  lips.  (3)  Union  of 
two  petals  in  the  upper  lip,  three  in  the  lower.  (4)  Position  of 
anthers  and  stigma  below  the  vaulted  upper  lip,  which  shelters 
them.  (5)  Position  of  the  nectary  at  the  base  of  the  flower  below 
the  lower  lip,  whose  anterior  part  forms  a  platform  for  insects. 
(6)  Well-marked  dichogamy  ("  d^ciso  asincronismo  nello  svilnppo 
degli  organi  sessuali**)  (Delpino,  No.  178,  p.  128;  Hildebrand, 
No.  360). 

But  this  summary  is  only  correct  if  we  call  only  those  Labiates 
typical  to  which  it  directly  applies ;  it  requires  most  important 
modifications  if  it  is  to  hold  good  for  the  majority  of  Labiates. 
For  (1)  the  axis  of  the  flower  is  never  or  hardly  ever  truly 
horizontal,  but,  as  a  rule,  is  rather  bent  into  the  curve  most 
convenient  for  long-tongued  bees  (Lamium,  Galeobdolon,  Gale- 
opsis,  Betonica,  etc.).  (2)  The  upper  lip  is  entirely  absent  in 
many  cases  (Ajuga,  Teucrium),  bracts  belonging  to  the  flowers 
above  taking  its  place  in  sheltering  the  stamens  from  rain.  (3) 
The  under  lip  is  by  no  means  always  formed  of  three  petals,  but 
in  Lamium,  for  instance,  consists  of  one  only;  the  two  lateral 
petals  have  here  assumed  a  special  function,  forming  two  erect 
lobes  which  receive  the  bee's  head  between  them.  (4)  The 
stamens  project  beyond  the  corolla  not  only  in  Ajuga  and 
Teucrium,  where  the  upper  lip  is  absent,  but  also  in  Thymus, 
Lycopus,  Mentha,  etc.,  and  the  stigma  also  projects  beyond  the 
corolla  in  Salvia.     (5)  The  fifth  statement  is  correct  for  the  great 
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majority,  Plectranthus,  Ocymum,  Salvia  peUens,  etc.,  being  ex- 
ceptions to  it.  (6)  Dichogamy  has  been  shown  above  to  be  far 
from  universal :  Ajuga,  Lamium,  Galeopsis,  and  others  are  homo- 
gamous,  and  even  in  the  majority  of  the  others  dichogamy  is 
not  so  complete  as  to  prevent  self-fertilisation.  Self-fertilisation 
seem^  to  be  rendered  impossible  only  in  the  species  of  Nepeta, 
Thymus,  Mentha,  and  Salvia  described  above. 

In  regard  to  the  insects  which  the  Labiatae  have  adapted 
themselves  to,  the  forms  which  I  have  described  show  a  re-^ 
markable  series  of  gradations,  the  visitors  being  more  and  more 
restricted  as  the  length  of  the  corolla-tube  increases. 

The  short-tubed  flowers  of  Mentha  and  Lycopus  are  visited 
chiefly  by  flies  and  also  by  insects  of  various  other  orders.  In 
Thymus  and  Origanum,  in  addition  to  flies,  bees  come  more  and 
more  to  the  front,  though  insects  of  other  orders  take  a  certain  share ; 
in  Betonica  bees  and  flies  are  of  about  equal  importance  as  fer- 
tilisers ;  in  Stachys  palustris  and  S.  silvcUica  bees  are  very  much 
the  most  important  visitors,  and  in  Lavendula,  Salvia,  Qaleobdolon, 
Lamium,  Galeopsis,  Ballota,  Teucrium,  and  Ajuga  bees  perform 
almost  all  the  work  of  fertilisation,  though  Lepidoptera  and 
long-tongued  flies  are  not  excluded. 

Ord.  PLANTAQINE^, 

367.  Plantago  lanceolata,  L. — Delpino  (567)  distinguishes 
three  forms  of  this  species  : — 

"  One  form/'  he  says,  "  with  a  strong  and  very  tall  scape,  and  very  broad, . 
white  anthers  which  quiver  in  the  wind,  grows  in  meadows  and  is  exclusively 
anemophilous,  for  I  have  never  seen  it  visited  by  insects.  The  second  form 
grows  on  the  hills,  and  has  a  much  shorter  scape  ;  it  also  is  essentially  anemo- 
philous ;  I  once  saw  a  species  of  ffalictus  on  a  spike,  trying  to  gather  pollen  ; 
but  the  structure  of  the  flower  is  so  unfitted  for  poUen-coUecting,  that  great 
part  of  the  poUen  fell  to  the  ground  without  benefiting  either  the  plant  or  the 
insect.  Finally,  the  third  form  is  dwarfish  and  confined  to  the  mountains  ; 
it  has  the  shortest  spikes  and  filaments ;  on  meadows  in  the  Apennines  at 
Chiavari  I  have  seen  bees  in  numbers  flying  from  one  flower  to  another  of  this 
variety,  collecting  the  poUen  and  performing  cross-fertilisation. 

**  This  therefore  is  a  form  of  Plantago  which  hangs  between  the  anemo- 
philous and  entomophUous  conditions,  and  is  capable  of  being  fertilised  e((ually 
well  by  the  wind  and  by  bees.  If  the  filaments  became  stiff  and  coloured  and 
the  pollen-grains  adhesive  while  the  anthers  lost  their  peculiar  quivering, 
we  should  have  before  us  the  passage  from  anemophilous  to  entoDiophilous 
characters,  the  evolution  of  an  entomophilous  from  an  anemophilous  species. 

"  This  hypothetical  transition  has  actually  occurred.    Plantago  media  is  a 
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form  that  has  become  entomophilous ;  the  filaments  have  become  pink,  the 
anthers  are  motionless,  the  pollen-grains  have  become  more  aggregated,  and  it 
is  visited  regularly  by  Bombus  terrestrisy  as  I  have  observed  at  the  same  spot 
(Chiavari)  in  the  Apennines." 

I  have  transcribed  this  passage  in  order  to  induce  botanists  in 
as  many  places  as  possible  to  observe  the  forms  of  this  species 
with  reference  to  its  adaption  for  insect-visits. 

In  the  neighbourhood  of  Lippstadt  I  have  caught  poUen- 
ooUecting  bees  and  pollen^feeding  flies  both  on  plants  with  tall 


Fio.  170.— Plantago  laneeolatOf  L. 

1.— Flower,  in  first  (female)  stage.    The  petals  and  stamens  are  still  witbin  the  bud. 

2. — Ditto,  after  removal  of  the  calyx. 

3. — An  anther  from  this  flower. 

4.— Flower,  in  second  (aiale)  stage. 

6. — The  two  inferior  colierent  sepiJs. 

6.— A  lateral  sepal. 


scapes  and  long  spikes  and  on  those  with  short  scapes  and  spikes ; 
and  in  neither  form  have  I  found  the  least  trace  of  adaptation  to 
insect- visits.  Delpino's  account  is  not  minute  enough  to  permit 
a  correlation  of  his  plants  with  those  of  other  localities,  and  it  is 
quite  possible  that  the  varieties  which  he  has  observed  do  not 
occur  at  Lippstadt. 

It  is  just  possible  that  Delpino  has  been  led  into  imagining 
adaptations  which  have  no  real  existence  by  the  success  which  the 
honey-bee  attains  in  gathering  pollen,  chiefly  owing  to  its  plan  of 
smearing  the  pollen  with  honey.     The  two  extreme  forms  of  P, 
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eight  stamens.  The  five  which  are  constantly  present  alteniate 
with  the  parts  of  the  perianth  ;  the  other  three  stand  opposite  to 
the  parts  of  the  perianth.  At  the  base  of  each  perianth-segment 
is  a  nectary,  secreting  very  scanty  honey,  which  remains  in  a 
moist  adhesive  layer.  The  ovary  is  generally  bilateral,  bearing 
a  style  which  divides  into  two  branches,  each  bearing  a  stigmatic 
knob;  but  three  stigmatic  branches  often  occur.  Anthers  and 
stigmas  ripen  together  and  stand  at  the  same  level.  The  flower 
expands  until  the  perianth  forms  an  almost  hemispherical  cup, 
and  the  five  stamens  alternating  with  the  perianth -segments 
spread  out  as  far  as  the  perianth  allows.  The  stigmas  are,  there- 
fore, seldom  or  never  touched  by  these  stamens,  but  the  other 
three  stamens,  when  present,  bend  towards  the  middle  of  the 
flower  and  come  in  contact  with  the  stigmas.   Now  although,  as  in 
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Fio.  174. — Polygonujn  Ptrnearia,  L. 

1.  ^Flower  with  five  stamens. 
2.— Pistil. 

3. — Flower  with  seven  stamens. 

a,  five  outer  anthers ;  a\  inner  anthers ;   a",  mdimentary  filament ; 
ovt  ovary ;  «<,  stigma ;  n,  nectary. 


P.fagopyrum,  the  five  outer  anthers  shed  their  pollen  inwards  and 
the  three  others  outwards,  self-fertilisation  takes  place  regularly 
in  all  flowers  with  more  than  five  stamens,  since  the  anthers 
dehisce  so  widely  as  to  be  covered  with  pollen  all  round.  Whether 
flowers  with  only  five  stamens  fertilise  themselves  in  absence  of 
insects  I  cannot  say  from  direct  observation ;  but  they  probably 
do  so,  as  almost  all  the  flowers  of  P.  Persicaria  develop  seed,  in 
spite  of  the  scanty  insect-visits.  The  flowers,  as  I  have  often 
seen,  remain  expanded  even  in  rain,  and  self-fertilisation  in  flowers 
with  five  stamens  can  only  take  place  at  the  end  of  the  flowering 
period,  when  the  perianth  closes  up  and  brings  stigmas  and 
stamens  into  contact. 

The  small  size  of  the  flower  causes  every  insect  that  inserts 
its  head  to  touch  one  or  two  stamens  and  a  stigma.  If  the  insect 
thrusts  its  proboscis  once  into  each  flower,  cross-fertilisation  must 

L  L 
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and  creepe  upwards.  Since  the  scattered  pollen  in  part  reaches  the  stigmas  of 
the  same  or  neighbouring  plants,  we  have  here  anemophilous  flowers  fertilised 
also  by  insects."  (2)  Bombns  pratorunii  L.  ^ ,  cp.  ;  (3)  Small  sp.  of  Halictos,  busy 
about  the  anthers.  B.  Diptera — Syrphida :  (4)  Melanostoma  mellina,  L.,  very 
ab.y  f.p. ;  (5)  Syrphus  ribesii,  L.,  f.p.^  freq.  ;  (6)  Yolucella  pellucens,  K,  £p. 
Whenever  I  have  examined  bees  caught  on  P,  lancedata  I  have  always  found 
numerous  pollen-grains  among  the  feathered  hairs.    See  also  No.  590,  iii. 

Darwin  found  P.  larieeolata  to  be  gynodioecious   in  England 

(167). 

Plantago  alpina,  L. — The  stigma  does  not  wither  until  after 
the  ripening  of  the  anthers,  so  that  the  plant  retains  the  power 
of  self-fertilisation.  The  limb  of  the  corolla,  and  sometimes  the 
borders  of  the  sepals,  are  red,  which  is  perhaps  an  adaptation 
favouring  insect-visits.  The  tendency  towards  homogamy  is 
probably  also  brought  about  by  insect-visits,  as  the  insects  come 
only  for  the  sake  of  pollen,  and  therefore  seek  only  flowers  with 
ripe  anthers  (No.  609,  fig.  139). 

368.  Plantaqo  media,  L. — While  I  have  been  unable  to  find 
any  trace  of  adaptation  to  insect-visits  in  the  various  forms  of 
P.  lanceolata,  specimens  of  P.  media  which  I  have  examined  seem 
to  show  such  traces  in  the  reddish  colouring  of  the  filaments  and 
the  pleasant  perfume  of  the  plant  Nevertheless,  in  all  the  forms 
of  this  species  the  filaments  are  so  long,  thin,  and  fireely  motile, 
the  anthers  so  broad,  and  the  pollen-grains  so  smooth  and  dry, 
that  wind-fertilisation  can  be  effected  very  readily.  P.  media, 
therefore,  is  truly  intermediate  between  the  anemophilous  and 
entomophilous  conditions. 

In  the  neighbourhood  6f  Lippstadt  P.  media  exhibits  variability 
such  as  Delpino  describes  in  the  case  of  P.  lanceolata.  It  seems 
remarkable  that  the  form  A,  which  I  have  observed  on  dry  sunny 
road-sides,  is  adapted  in  a  less  degree  for  insect-visits  than  the 
form  B,  which  grows  in  more  shady  spots ;  but  I  must  add  that 
a  form  agreeing  essentially  with  B,  but  much  taller,  grows  on  the 
sunny  slopes  of  the  canal-enbankment  at  Lippstadt,  and  is  much 
visited  by  insects  there. 

The  form  A  has  a  scape  8  to  12  inches  in  length,  and  a  spike 
about  40  mm.  long,  increasing  during  the  flowering  period  to 
70  or  80  mm.  The  filaments,  which  are  bent  down  slightly  by  the 
weight  of  the  anthers,  are  white,  and  protrude  for  7  to  9  mm.  from 
the  flower ;  the  lobes  of  the  corolla  are  acute  and  outspread ;  the 
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stigmas  protrude  far  beyoad  the  fiower.  The  form  B  on  the  oUwr 
hand  has  a  scape  about  6  inches  loog,  and  shorter  reddish  fihuueals 
which  do  not  bend  under  the  weight  of  the  anthers;  the  lobes  of 
the  corolla  are  rounded,  and  do  not  spread  apart  but  only  point 
obliquely  upwards,  and  the  Btigmas  protrude  little  from  the  flower. 
The  pollen  in  both  forms  is  powdeiy,  but  is  slightly  more  adhesive 
in  the  second  form  (£),  as  may  be  seen  by  the  fitaments  in  this 
form  beii^  usually  covered  thickly  with  pollen-grains. 


A.  1—5.— A  fonn  o[  P.  wudia  hvin  dry  innnr  ilopu  no  Rlibgekcr  Bill,  ii«r  UppiUdt 
),  bod :  i,  developing  totia :  3,  fully  deTctoped  Bowu ;  «.  coroll* ;  a,  piiUI. 
I,  Hpd ;  f,  p*UI :  a,  uthcr :  U.  itlgmi. 

B   S— S.— Anntlicr  rom  of  P.  mril^  growlBg  In  dunp  ihidj  apoti  aa  tbe  ume  UU,  oftni  kI 
.  taw  pans  of  the  oO»r. 

a,  hUj  dnetoped  Ooiirar :  7.  enroll* :  a,  pMil 


The  form  growing  on  the  slopes  of  the  canal -embank  me  lit, 
from  which  I  have  chiefly  compiled  my  list  of  insect-visitors,  h.ia 
a  scape  10  U>  14  inches  long,  a  spike  35  to  90  mm.  long,  and 
stamens  which  project  only  4-5  to  7  mm.  beyond  the  flower ;  in  the 
form  and  development  of  the  corolla  and  style  and  in  tlie  nature 
of  the  pollen  it  agrees  well  with  the  form  B  from  the  Rixbeckt^r 
HUI. 
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REVIEW   OF  THE  SPECIES   OF   POLYGONUM. 

The  species  of  Polygonum,  like  those  of  Geranium,  show  clearly 
how  with  conspicuousness  and  abundance  of  honey  the  number 
and  variety  of  visitors  increase,  and  how,  as  the  likelihood  of  cross- 
fertilisation  is  thus  increased,  the  possibility  of  self-fertilisation 
becomes  less  important ;  the  converse  is  also  clear.  But  tbey 
show  at  the  same  time  that  the  abundance  of  a  plant  is  in  no 
way  determined  alone  by  the  certainty  of  cross-fertilisation. 

P'  fagopyrum  and  P,  Bistorta  have  the  most  conspicuous 
flowers,  the  most  abundant  honey,  and  the  most  numerous  visitors ; 
in  both,  cross-fertilisation  is  insured  and  self-fertilisation  rendered 
di£Scult  or  impossible, — in  the  former  species  by  dimorphism,  in 
the  latter  by  well-marked  proterandrous  dichogamy.  P.  Persicaria 
and  P.  lapathifolium  have  much  smaller  flowers  and  scantier 
honey ;  but,  by  union  of  their  flowers  in  a  spike,  they  become  fairly 
conspicuous  and  attract  fairly  numerous  visitors;  both  waver 
between  insuring  cross-fertilisation  and  insuring  self-fertilisation, 
and  seem  to  make  use,  to  a  great  extent,  of  both  processes.  In 
P.  minus  the  flowers  are  about  as  large  and  rich  in  honey  as  those 
of  P.  Persicaria,  but  are  united  in  much  looser,  thinner  spikes; 
they  are  therefore  less  conspicuous,  less  visited  by  insects,  and 
more  subject  to  self-fertilisation.  Finally,  in  P.  aviculare,  whose 
flowers  are  not  only  much  smaller,  but  are  solitary  and  devoid  or 
almost  devoid  of  honey,  insect-visits  and  consequent  cross-fertilisa- 
tion are  only  the  exception  ;  yet  this  species  is  with  us  the  most 
abundant  of  its  genus,  and  one  of  the  commonest  of  our  native 
plants. 

The  species  of  Rumex  are  anemophilous,  and  Axell  figures  the 
flowers  of  Rumex  crispus  to  compare  them  with  the  entomophi- 
lous  flowers  of  Rheum  Rhaponticum  ;  I  have  however  found  a  bee, 
Halidus  cylindricus,  F.  ?,  busily  engaged  upon  the  anthers  of 
Rumex  dbtusifoliuSy  L.;  and  in  the  Alps  I  have  often  seen  red  butter- 
flies seated  on  Rumex  when  in  seed  and  like  them  in  colour  (590, 
II. ;  609). 

Ord.  CYTINACEM 

Bragmansia  Zippelii,  Blume,  is  fertilised,  in  Delpino's  opinion, 
by  carrion-flies  which  are  detained  for  a  time  in  the  flowers  (178). 
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omjl  illecebeacej:. 

lUsodbram  wrticQl^ium.  L.,  has  sabmer^cid  ciksfCJtri^aiic 
flowos  (351). 

Henviaria  glahra,  L. — The  floTTfars  itre  Terr  izi;f-ct«^:u>.a&  xaii 
are  viated  by  nunute  insects  (590,  il\ 

&feraiitt«f  j>rrr9t.9tu,  L. — ^The  small  iDcc»ztspD0QC>ii5  £^«4C{>  nir'^ 
no  petals ;  tbe  sepals,  irLich  are  irLite  at  tibr  cidir^&.  Xklt  liii:  ^\\%k:*i 
of  a  corona ;  the  LoDey,  irldch  is  secreted  in  ibc  jj-vtc  ia^*  ii: 
tbe  caljx,  is  acoeseible  to  short-lipjied  iztfie£n;&.  AinjKrs  i^ii 
stigmas  xipen  together,  and  iLe  iridely  cmtsfiread  pw')ssa:a  .x  "uii: 
stamens  faTours  cross-fertilisataon.  I  have  fonnd  SttifyAi^i  11 
eoridoeumj  Dhlb.  [diiytrida;,  sacking  Loney  in  ibe  fli»wers. 

Oku.  AMARAXTACEJE:. 

Ckamistoa  affords  an  example  of  tbe  jmstuipf  irtim  a  dinjorTiiii: 
to  a  dicliuoas  condition  (SSS)- 

Chtnopodium  umhrtmoidLa  i%  figurfid  bj  HiJdt^braiid  af  an 
example  of  a  self-fertilifeed  plant  (35 1>. 

CheiUfpodiicm  allrum,  L.,  i«  aneiur)p)jiluufi,  but  i^  visjt.ed  bv 
poUen-eating  Syrphidae  (MdafuwAovin  trvtsLlim,  L.)  1 590,  11). 

CTunopodivm  ho-n  tt^Jftnrictts  ih  proterc»pynous  acicordiiip  t.^* 
Warming  (j62). 

369.  PoLyorjKVM  yA<>^jjKyHi;ii,  h.  Tfi«  fl««wnt*  art-  uiwl*  rcm- 
spicuous  by  their  i*LiV:r  or  n^d  |>«Tiiitiih,  l»v  ui?«i«vati*»»".  «»»d  bv 
their  perfume.  Eight  rouud*id  yellow  t'lmuU  ut  tlir*  lm*»<.-  of  tli* 
stamens  secrete  honev,  w)ji«:lj  ji«-h  n<  tin-  lnH!.nm  of  iIm*  Khuilnw 
outspread  perianth;  it  i^  >jji'AA^vt\\i\*-  iu  kifmit  lit>|H'<l  iii^<-(M>,  xwA 
attracts  great  nunj)xfn>  <A  iijhc;(-t«  xA  AxKWwwK  (udi-tti 

Three  stamens,  with  thfrrir  \$^AWm  «i'*\cM  «1  miIi?  itiini.J  c^ui  \\^^?^l^ 
stand  close  round  tli*;;  «tvb3>5  in  tJu-  ijii«l«Ilr  of  !lit  H^wij  :  f  \«  w."- 
their  pollen-c^vererJ  fc^uir^  iJiji:«-ti«;«J  jijw:ij«1.^  s-t:m«J  j^^utiv;  V'-  •  • 
cumference.  The  ei^^ht  ui:«-iaiu^ai  li«- wi  Uit-  l>'^ti/iii  of  Ti<  tlvw! 
between  the  inuer  and  «^uU-*  tUuiit-ji^  b*;  tliat  jjj&<-^'-t5  jrv?:  •..!■■. 
between  these  t«^  rwacL  tUc  hvuty,  uiid  iitu^x  ^♦rt  o-^tv..    v  ... 
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376.  Aristolochia  Sipho,  L.  ( ( 78,  349,  360). — In  this  species 
the  corolla  maintains  the  same  position  during  the  whole  period  of 
flowering.  Its  lower  part  is  directed  straight  downwards,  and  then 
with  a  sudden  bend  turns  directly  upwards ;  it  is  moderately  wide, 
and  the  mouth  is  provided  with  a  three-lobed  lip.  In  this  species, 
as  in  the  previous  one,  we  find  flies  imprisoned  during  the  first 
stage,  while  the  stigmas  alone  are  ripe  ;  they  fertilise  the  stigmas 
with  pollen  brought  firom  other  flowers,  and  remain  caged  until 
the  stigmas  wither  and  the  anthers  shed  their  pollen. 

The  reason  why  they  stay  imprisoned  so  long  seems  to  me  still 
insufficiently  explained.  In  Delpino's  opinion,  to  which  Hilde- 
brand  assents,  the  smooth  sides  of  the  tube  prevent  the  flies 
creeping  up,  until  the  withering  of  the  flowers  affords  them  foot- 
hold. This  explanation  can  only  be  correct  if  that  part  of  the 
tube  which  slopes  downwards  from  the  entrance  is  distinctly 
smoother  than  the  other  portion  which  leads  up  from  the  lowest 
part  of  the  tube  to  the  expanded  terminal  chamber ;  for  if  both 
are  equally  smooth  the  flies  will  have  as  much  difficulty  in 
climbing  up  into  the  stigmatic  chamber  as  in  climbing  back  out 
of  the  flower.  In  Arum  I  have  repeatedly  noticed  that  the  small 
midges  try  to  escape  from  their  prison,  not  by  creeping,  but  by 
flying  towards  the  light,  and  get  knocked  down  by  the  grating  at 
the  mouth  of  the  flower.  So  if  in  Aristolochia  Sipho  the  inside 
of  the  tube  is  all  so  smooth  that  flies  can  climb  neither  one  way 
or  the  other  from  the  lowest  part,  the  reason  of  their  imprisonment 
must  be  sought  only  in  the  curvature  of  the  two  ends  of  the  tube, 
the  one  rising  straight  from  the  lowest  part  to  the  cage,  while  the 
other  part  which  rises  up  towards  the  entrance  of  the  flower  is  so 
bent  outwards  at  its  upper  end  that  the  insects  flying  towards  the 
light  knock  against  the  bend  and  fall  back  again.  They  are  set 
free  by  the  shrivelling  up  of  the  corolla,  which  enables  them  to 
creep  out. 

Delpino  found  in  the  cage  :  {a)  Mmcida' :  (1)  Lonchaea  tarsata,  Fallen  ; 
(h)  Phoridcc :  (2)  Pliora  pumila,  Mgn.  I  found  :  Muacidoi :  (1)  Sapromyza 
apicalis,  Loew,  very  ab.  ;  (2)  Myodina  fibrans,  L.,  scarce  ;  also  a  small  black 
gnat,  very  ab.,  which  I  was  unable  to  identify. 

Aristolochia  altissima,  Dsf ,  A,  rotunda,  L.,  and  A.  ^mllida,  W., 
show  only  slight  variations  from  A.  Clematitis,  according  to  Delpino 
(178). 

A.  BonplaruH,  Ten.,  unites  the  form  of  corolla  of  A,  Sipho  with 
B  transitory  hairs  of  A.  Chmatitis  (360). 
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(16)  Athalia  gpiiunim,  F., ».  B.  Dipt«n— (a)  Syrpkida  :  (IT)  Eriitidu  tenu, 
L. ;  (18)  £.  pertinas,  Scop. ;  (19)  E.  nemonim,  L. ;  (20)  E.  arbiutorniii,  L. ; 
(SI)  E.  eepnlcialis,  L.  ;  (22)  E.  intricartiu,  L.  ;  all  ab.,  i.  or  Ip. ;  (23)  Helo- 
philna  floreot,  L. ;  (!4)  SjritU  pipiens,  L. ;  (85)  ChiyBotoznm  festiTnm,  L. ; 
(28)  UelithreptDS  Kriptna,  L.  ;  (2?)  H.  tamistiu,  Mgn.  ;  (28}  STiphiU  py- 
laatri,  L.  ;  (S9)  Pipiu  fnnebris,  Mgn.  ;  (30)  Cheiloeia  scutellaU,  Fallen ;  (6) 
JtuKida:  (31)  PoUenia  VetpiUo,  F. ;  (32)  Muaca  eorrioa,  F. ;  (33)  Lndlia 
coraidoa,  F.  ;  (34)  Sarcoph«ga  caniaria,  L.  ;  (c)  Stratiomyida :  (35)  Odon- 
tomia  Tiridola,  F. ;  (36)  Stratiomjs  Choiiueleoii,  Deg.,  ab.  ;  (37)  Str.  riparia, 
Mgn.;  mortof  these  fliessackiiigitheSfrpIiidKalsoeatuigpolIea.  C.  Leptdo- 
pten— (38)  Vanewa  urticee,  L.  j  (39)  Pierii  biuaiCK,  U  ;  (40)  P.  napi,-  L. ; 
(41)  Poljomnuitiu  Pblooa,  L.,  all  a. 

370.    roLTQONUH   BiSTORTA,   L. — As  in   p.  fagopyrum,  the 
flowers  are  made  conspicuous  by  aggregation  and  \tj  their  coloured 


perianth;  eight  red  sweltiogs  at  the  base  of  the  stamens  secrete 
honey,  which  lies  freely  open  at  the  bottom  of  the  flower.  The 
power  of  self-fertilisation  has  been  lost;  but  while  in  P.fagojyyrum 
crossiiig  has  been  insured  by  the  development  of  long-stylcd  nn<l 
short-styled  stocks,  in  P.  BiUorta  the  same  end  has  been  giLinc<l  by 
complete  {voterandroua  dicbi^amy.  In  the  first  stage,  tht^  nuthcra 
protrude  freely  from  the  flower,  which  never  expands  very  widely  : 
afterwards,  when  the  anthers  are  withered  aotl  mtistly  fullcii  uft', 
the  ends  of  the  styles  with  their  stigmas  protnidu. 

On  the  meadows  at  Brilon,  I  saw  the  flowers  plentifully  visited 
by  flies,  but  I  was  busy  with  other  observations  niid  can  nnnie 
only  the  following  easily  recognised    formx :  Bhinffia  nMf< 
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Obd.  EL^AGNEjE. 

•ElaxtgnKS  angustifolia,  L.,  is  visited  by  ApU  vicl 
and  SyrUta  jnpktis  (SjTphidae)  (590,  II.)- 


Obd.  SANTALACE^. 

Tkesium  alpinum,  L.,  is  horaogamous  (609,  fig.  134] 
Thesium  pratense,  Ehrh.,  is  visited  by  the  hive-bee  ( 


Oed.  EUPHORDIACE.E. 

The  regular  branching  and  the  order  of  succes 
flowers  in  Eiiplwrhia  kelioecopia  has  been  thoroughly  d 
Delpino.  He  states  that  Euphorbiaceae  are  fertilised 
(178,360). 

This,  however,  is  not  altogether  correct.  Very  1 
lipped  insects  (flies,  beetles,  Hymenoptera)  resort  tc 
exposed  honey  and  aid  in  the  work  of  cross-fertilisatl 
Euphorbia  is  growing  in  abundance  even  beua  reso 
have  found  upon  S.  Cyparisskis  in  Low  Germany  :— 
Coleoptera,  8  ;  Hemiptera,  3 ;  Hymenoptera,  10  (Apid 
doptera,  I  (590,  il.).  On  the  same  plant  I  have  fo 
Alps: — 21  flies;  1  beetle;  4  Hymenoptera,  of  whicl 
bees;  and  3  Lepitloptera  (609). 

Euphorhia  {Polnsetiia)  pulcherrinia  has  scarlet  bi 
large  nectary  in  each  (726).^ 

A  Brazilian  species  of  Dalechamjii^,  according  to  I 
attracts  the  insects  which  cross-fertilise  it  by  means  of 
resin  secreted  in  special  glands.  This  is  collected  bj 
(bees),  and  used  in  nest-building  (597). 


Okd.  URTICACE.E. 

Tribe  Urtteeae. 
Tlie  plants  of  this  tribe  are  anemophilous ;  the  stan 
when  the  flower  opens,  scattering  the  pollen  (178). 
Parietaria  has  proterogynous  flowers  (351). 

'  Lists  of  vial 
Enphorbia  Emln, 
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Urtica  urens,  L.,  owes  it  great  abundance  to  the  eaily  period  of 
the  year  at  which  it  flowers,  its  regular  cross-fertilisation,  and  the 
quick  ripening  of  its  fruit  (590,  597). 

Tribe  Artocarpem. 

377.  Ficus  Carica,  L.— The  latest  researches  confirm  the  fact, 
which  Linnaeus  (416A)  was  aware  of,  that  the  so-called  Caprijicvs, 
which  bears  inedible  fruit,  and  the  fig-tree,  cultivated  for  the  sake 
of  its  fruit  from  time  immemorial,  stand  in  the  relation  of  male  and 
female  to  one  another.  Fertilisation  is  eSected  by  a  wasp,  Blasto- 
phaga  grossoruMy  Grav.  {Cynips  Pscnes,  L.,  Chaloididoe),  The  hollow 
inflorescence  which  we  call  a  fig  is  very  markedly  proterogynous 
in  both  the  fig-tree  and  the  Caprificus.  The  greater  part  of  its 
inner  wall  is  covered  with  female  flowers,  which  are  mature  when 
the  "eye"  {ostiolum)  of  the  young  fig  opens.  Male  flowers  line 
a  limited  zone  near  the  orifice,  and  are  not  mature  until  the  fig 
is  ripe.  The  Caprificus  produces  three  crops  of  figs  annually,  one 
crop  beginning  to  flower  as  the  previous  one  is  ripe.  Many 
varieties  of  the  fig-tree  ripen  two  crops,  some  three,  annually. 
In  most  cases  each  crop  of  figs,  whether  of  the  fig-tree  or  the 
Caprificus,  brings  only  flowers  of  one  sex  to  full  maturity. 

At  Naples,  the  Caprificus  ripens  its  three  crops  of  inedible  figs 
in  April,  June,  and  August.  The  first  crop  are  called  mamme, 
the  second  projlchi,  and  the  third  mammoni.  Each  of  these  hatches 
a  new  generation  of  fig-wasps,  but  it  is  only  the  second  which 
produces  the  pollen  with  which  the  fig-tree  is  cross-fertilised.  Each 
crop  produces  female  flowers  in  which  the  wasps  undergo  their 
development,  but  male  flowers  are  usually  quite  wanting  in  the 
mamme,  few  in  number  in  the  mammoni,  and  only  plentiful  in  the 
profichL  The  fig-tree  also  produces  three  crops  in  the  season, 
called  fiori  di  Jlco,  pedagnicoli,  and  cimaruoli. 

The  reproduction  of  the  fig-wasp  takes  place  in  the  following 
way.  The  female  wasps  force  their  way  with  the  loss  of  their 
wings  into  young  figs  of  the  Caprificus,  through  the  narrow 
ostiolum.  They  lay  their  eggs  in  the  ovaries  of  the  female  flowers, 
between  the  nucleus  and  the  integuments,  placing  one  egg  only 
in  each.  The  wasp  dies  within  the  fig  to  which  it  has  intrusted 
its  offspring.  In  consequence  of  the  puncture  which  the  wasp  has 
made,  the  female  flower  enlarges  after  the  maimer  of  a  gall,  and 
in  its  ovary  instead  of  its  own  embryo,  the  wasp-embryo  develops. 
While  the  figs  themselves  are  proterogynous,  the  wasps  on  the 
other  hand  are  proterandrous.     The  wingless  males  are  the  first  to 


522  THE  FERTILISATION  OF  FLOWERS.         [part  hi. 

emerge ;  they  gnaw  their  way  into  the  ovaries  in  which  the  females 
lie,  and  impregnate  them,  and  afterwards  perish  within  the  same 
fig  in  which  they  were  born.  The  winged  females  then  escape 
by  widening  the  passage  made  by  the  males.  They  leave  the  ripe 
fig  by  way  of  the  ostiolum,  and  enter  a  young  fig  either  of  the 
same  Caprificus  or  of  a  neighbouring  fig-tree,  to  lay  their  eggs  in 
its  female  flowers.  The  wasps  which  enter  the  young  Caprificus- 
figs  (either  passing  from  mamvie  to  jyi'ojichi,  or  from  profichi  to 
viammoni,  or  from  mammoni  to  Toamme)  produce  a  new  progeny ; 
those  on  the  other  hand  which  enter  young  figs  upon  a  fig-tree 
(passing  from  mamine  to  fiori  difico,  or  hoxaprq/lchi  to  pcdagnuoli, 
or  from  mammoni  to  cimartwli)  leave  no  oflFspring,  since  in  the 
cultivated  figs  the  female  flowers  are  so  constituted  that  the 
wasps  are  not  able  to  lay  their  eggs  in  the  right  spot. 

Of  the  three  generations  of  wasps  only  those  which  have 
developed  within  prqfichi  act  as  fertilising-agents.  In  the  prqfichi, 
at  the  time  when  the  wasps  escape  from  the  ovaries,  the  zone 
of  male  flowers  near  the  ostiolum  is  covered  with  pollen ;  so  the 
wasps  leave  these  figs  laden  with  pollen.  They  carry  this  pollen 
partly  to  the  stigmas  of  young  mammoni  of  Caprificus,  which, 
however,  rarely  set  a  seed  capable  of  germinating,  and  partly  to 
the  pcdagnuoli  of  the  fig-tree,  which  after  this  cross-fertilisation 
bear  good  seed  plentifully. 

While  the  fruit  of  the  Caprificus,  whose  only  use  is  to  supply 
pollen,  remains  hard  and  withers  on  the  tree  or  falls  oflF  without 
becoming  sweet,  the  fruit  of  the  fig-tree,  when  the  seeds  ripen, 
becomes  sweet  and  juicy,  and  so  attracts  birds  which  disseminate 
the  seeds. 

From  the  most  ancient  times,  as  long  as  the  fig-tree  has  been 
cultivated,  its  artificial  fertilisation  by  means  of  the  Caprificus, 
or  so-called  Capi'^ification,  has  been  practised.  This  process  consists 
in  hanging  ripe  fruit  of  the  Caprificus  (projichi)  to  the  branches  of 
fig-trees,  whose  figs  (pedagnicoli)  are  then  in  their  female  stage, 
with  open  ostiola.  The  wasps,  issuing  from  the  former,  enter  the 
latter,  bringing  the  pollen  of  the  projichi  with  them.^ 

Sycomor^is  antiqnorum,  Miq. — The  Egyptian  Sycamore  has  for 
its  fertilising  agent  a  small  wasp,  Syixyphaga  sycoDiori,  Hasselquist, 
which  is  closely  related  to  the  fig-wasp,  and  has  a  similar  mode 
of  life.  The  females  do  not  leave  the  ripe  fruit  through  the 
ostiolum,  but   through  several  holes  which  they  make  near   it. 

*  Sec  Bibliographicil  Index  for  a  list  of  papers  relating  to  Caprification. 
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Both   females  and   males  arc    wingless,  and  tlin  nudt'M  mo   \h^ 
tinguished  by  having  a  pair  of  long  apiK;ndag(!S  at  \hv  wi«l«»  «'!  Hn» 
abdomen,  which  are  attached  to  the  stigmata,  and  pnilmhly  pmhrt 
them  from  the  brown  sticky  pulp  within  tlio  fruit  (4^f>). 

Paul  Mayer  has  investigated  tlie  wasps  of  uwiwTftUA  n^)\i^i  i,h\ 
world  species  of  figs,  mostly  from  herbarium  H]i('.c\int-uA.  f  r»  •«'»rr»*' 
species  of  Ficus  and  Sycomorus  he  lia.s  found  lil/inhfffhnffft  nu*\ 
Syeaphaffa  together,  but  the  whole  numl^f-r  of  <»[»^'/'i^^  of  -.v^^^y^ 
was  very  smalL  On  the  other  hand,  the  Brazilian  fi^^s.  of  vhi/h 
Fritz  Midler  examined  ten  sper-ies  in  his  own  n/ii/hhourho^l 
(Blumenau,  province  of  St.  ^'athariiia^,  yi99*'.^^  am  ji-r/.rii-l.ir.j' 
variety  of  wasps  belonginc,'  to  the  sarn^'  f;irf»ily  of  fK*'-  Afi^if'f"ffff  , 
some  of  these  belon;;,'  to  thfj  j,'f:Tiu={  Ishfiff/phnf^f^  v.rr.''  ?o  o  i'---',  .f 
like  I<h n€um<//K  Man v  are  a^l om f-d  w ; * h  n-i -'^r  i  1  i ^  ^^t W.-  ir*  •  r.  ". 
fact  suggests  a  longer  stay  in  thft  oj»^rTi  air.  fn  fi^.-ir."  '.f  fi^"  '''•-" 
of  the  tigs  which  Fritz  MulU;r  srii.li/rl,  fl.vrrr  or../  "ri"-  >  ^' * 
so  that  manv  of  these  w;wtjs  mn.^f.  in  ''.r-'l.r  *o  ;,V7  "•.•*•>  '-jj-' 
another  tree  of  the  aan.e  .aperies  .vhirri  '.*  ■  .-*  ■^■/rr  -  j  '••  • 
at  the  time  when  rhe  ri-^-s  .-tr-i  riyy*  r.r./-.r,  ^j.-*-  v-  •"  --r-  -• '  /  • 
selv«*a  were  develup^ij.  fn  r.hi'  oas«f-  of  ;ii>ir, .-  -yr-^ '.'•■'  *.*-■''  »  ■  ,-.  . 
at  least  four  mi'irations  W'  npr*-«-'n r  -  ir,  -r:.-  '^.-.-w  •/  v-  -   /    ^ 

In  these  ri'jfs.  r.he  ',iil  inHor-'^'^^'iif"  fr  .•■!-.    '-■•'•ri   ^r*--    '-■    .-,■         »• 
bears  onlv  niaie  riu^'-^r^    in«l   t-ho    ;  -m!-'/     :.-:^/',r---.-'^^  -y^     f-r  .  r    -i  -  / 
f^nter  hears  only  femai**  •Ii.h- tj.      'J"!r-r'«-:'  ■    -".^",7    ,  ■  -K  .     r  i  ■'■  t    » 
imp."kflflihie,  ami    -len'ir.it*-'   :n<!iv!rjii;iiw    i^*   ,•  yn   ir  /     r,    '■!       Ti- 
fruit  becomes  sw«^ft    "tiid    ,n    mi^itiv    ■  i^v  •   -tAy-f  ''.l^rji.  n     mi.    •!. 

seeiia   rip^n.    mtl    :)rirr«i^*'    »^!!'*-}i    ;' '-I  .*    ■■''!»   "•  '^'    ' 

the  seeds  ;4rc'. 

J.  r^tpa,   L.    n  >^.'-•  r,^-     >    ,  r.-ri-;..  .       ,-    *      ...  '  ...  1 

prot*;roqynr.n-    \)^t^-^>.     •'-     -'■.'    .' 
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Obd.  SALIC INE^. 

378  a.  Salix  cinerea,  L.;  378  &.  S.  caprea,  L.;  378  c.  S. 
AURITA,  L.,  etc. — In  spite  of  the  simplicity  of  their  flowers,  which 
diflfer  little  from  the  anemophilous  flowers  of  the  poplar,  willows 
possess  special  modifications  which  bring  them  greater  variety  of 
insect-visitors  in  the  first  sunny  days  of  spring,  and  insure  them 
abundant  cross-fertilisation.  These  are  :  1,  the  union  of  many 
flowers  on  one  inflorescence,  which  is  not  only  more  conspicuous, 
but  more  easily  and  quickly  sucked  than  so  many  single  flowers ;  as 
in  all  other  diclinous  entomophilous  plants,  the  male  flowers  are 
more  conspicuous  than  the  female  ones,  owing  in  this  case  to  the 
bright  yellow  colour  of  the  anthers;  2,  the  development  of  the 
flowers  in  many  Salices  before  the  leaves,  which  renders  the  flowers 
conspicuous  among  the  bare  twigs  in  spite  of  their  want  of  coloured 
envelopes ;  3,  the  large  store  of  honey  and  pollen ;  and  4,  above  all, 
the  early  period  of  flowering,  which  leads  many  bees,  especially 
many  species  of  Andrena,  to  resort  almost  exclusively  to  willows  in 
search  of  food  for  their  young.  These  characters,  of  which  the 
only  one  probably  that  has  been  developed  in  direct  reference  to 
insect-visits  is  the  secretion  of  honey,  have  so  far  insured  cross- 
fertilisation  that  the  plants  can  well  aflford  to  dispense  with  the 
power,  of  self-fertilisation.  Most  diclinic  entomophilous  flowers 
{AsparagtLS,  Ribes  nigrum.  Lychnis  vcspertina,  etc.)  seem  to  have 
become  diclinic  by  degeneration  of  their  formerly  hermaphrodite 
flowers,  but  Salix  seems  to  inherit  its  diclinic  condition  from  the 
oldest  phanerogams,  which  were  diclinic  and  anemophilous. 

Visitors  :  A.  Hymenoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9 1  s-  and 
c.p.,  very  ab.  ;  (2)  Boinbus  fragrans  (Pall.),  K.  9  ;  (3)  B.  hortorum,  L.  ?  ;  (4) 
B.  lapidarius,  L.  $  ;  (5)  B.  pratorum,  L.  ?  ;  (6)  B.  Scrimshiranus,  K.  ?  ;  (7) 
B.  terrestris,  L.  $ ,  Nos.  2 — 7  s.  ;  (8)  Osmia  rufa,  L.  ^ ,  s.  ;  (9)  Nomada 
eucciucta,  Pz.  9  (J,  very  ab.  ;  (10)  N.  lineola,  Pz.  (J  ;  (11)  N.  varia,  Pz.  (J, 
ab.  ;  (12)  N.  Lathburiana,  K.  ?  cJ,  ab.  ;  (13)  N.  ruficornis,  L.  9  (J,  very  ab. ; 
(14)  N.  signata,  Jur.  ;  all  the  species  of  Nomada  s.  ;  (15)  Colletes  cunicularia,  L. 
?  cJ,  c.p.  and  s.,  in  hundreds  ;  (16)  Andrena  albicans,  K.  9  c?>  ^^ry  ab.  ;  (17) 
A.  albicrus,  K.  9  cJ  ;  (18)  A.  apicata,  Sm.  9  ;  (19)  A.  argentata,  Sm.  (=  gracilis, 
Schenck)  ?,  scarce,  ab.  ;  (20)  A.  atriceps,  K.  (=  tibialis,  K.)  ?  (J;  (21)  A. 
chrysosceles,  K.  ^  ;  (22)  A.  cineraria,  L.  ?  (J ,  ab.  ;  (23)  A.  Collinsonana,  K. 
$  ;  (24)  A.  connectens,  K.  ? ,  scarce  ;  (25)  A.  dorsaUi,  K.  ?  (J ,  ab.  ;  (26)  A, 
eximia,  Sm.  (J ;  (27)  A.  Flessae,  Pz.  ? ,  rare  ;  (28)  A.  fulvicrus,  K.  ?  ^ ,  ab. ; 
(29)  A.  Gwynana,  K.  ?  (J,  ab.  ;  (30)  A.  helvola,  L.  ?  ^J ;  (31)  A.  nana,  K. 
9  S  J  (32)  A.  nigroajnea,  K.  9  ^J  ;  (33)  A.  nitida,  Fourc.  ^ ;  (34)  A.  parvula, 
K.  (J  ;  (35)  A.  pilipes,  F.  ^  ;  (36)  A.  pratensis,  Nyl.  (=  ovina,  KJ.)  9  cJ»  ah.  ; 
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(37)  A.  ponetnUts,  Schenk,  ^  i  ;  (38)  A.  roMD,  Pi.  ?  ;  (39)  A  St-hnnkfUa,  Sv!. 
9;  (40)  A  Smithella,  K.,  3,  very  ah.,  9,  scaler;  (41)  A.  Trinun^BUbt.  k. 
¥;  (42)  A  variaiu,  Rossi,  $  ;  (43)  A.  ventralia,  Imh.,  ;J,v<^rvaK.  $  9<.-aD.i:  itiM 
^  of  all  the  Aiidieiue  a.,  the  5  b.  and  cp.  ;  (44)  Halictu«  rylinilrii'iu.  F.  i  ; 
(45)  B.  albipes,  F.  f ,  botli  &  ;  (46)  Sphucodea  gibbus,  L.  ?.  and  iU  Tviet-<». 
B. ;  (ft)  Vetpida:  (47)  Vcspa  germauica,  L.  9,  b.  ;  (48)  Odvneni«  {lan^tuin, 
L.  $ ,  ■.;(!;)  Ichn^monidai .-  (49)  Various  sp.  ;  (i J)  P(f mmiiJHAr .-  ^5i>'  IVh- 
lampiu  ap.,  freq.  ;  («)  Tenlhredinidtr :  (51)  Di>kras  mwliduA,  Kl,  sl  :  ,M'  D. 
egknteria,  F.,  a. ;  (53)  D.  gonager,  KL,  a.  ;  (54)  Nrniatu^  nif^^wna.  H.,  «;  R, 
Dipt«Ta— (a)  Empida  :  (55)  Rhamphomyin  aulcata,  Fallen,  a.  ;  i5IS>  Empb 
■p.,  aK,  I.  ;  {b)  Bombylidte :  (57)  Bombyliiis  lu^nr,  L.,  a.  ;  (r)  Sfrpliiikf : 
(68)  firiatalu  tenax,  L. ;  (59)  K  arbustoruin,  L. ;  (60)  E.  inlricarjiu.  L. :  ,61^ 


V.  W^-^ 


B.— Mile  atUD, 


from  HlthlD. 


r.— tilDfile  ftniile  Bnwvr,  rrnm  vilhio. 
O.— IHItn.  atlw  remoral  of  the  bmct,  iwn  ohllqdrl 
lariif  ii«UT7  (■)  ift  vlilble.    ■',  ipull  itpcWT. 
(B-O,  X  T ;  Albnll.  II.  St,  Jnlj,  lt>7lj). 


E  pertinai,  Scop.  ;  (62)  Brncliypalpite  valgu?,  Pi.  ;  (03)  Syrpliiw  pynmlri,  L.  j 
(64)  S.  ribesii,  L.  ;  (65)  S.  bulteutua,  Deg.  ;  (60)  divihma  chloriis  Mgn.  ;  (G7) 
Ch.  brachyaoma,  Egg.  ;  (68)  OU.  mndceta.  Egg.  ;  («9)  CL  pictipcniiin,  Egg. ; 
(70)  Ch.  pnctoi,  Zctt ;  (71)  Syritta  pipiuiis,  L. ;  all  tliene  Syri>liid!c  bolh  «. 
and  f.p.  :  (./)  JJuvUIif:  (72)  Pollenia  ru.li,=,  F.,  f.p.  ;  (73j  (Jallijdi..ni  .Tytliro- 
cepbala,   Mgn.,  a.  ;  (74)   Scatfiphaga  nt<:ri:oMriii,   L.   ;  '7.')/  Ht,    iiHTd.'iria,   I 
both  ab.,  B.  ;  (<*)  Cottopidce :  (70)  Siuua  f-rrrngiiH:!!!-,  I-.  ;  '77j   Mycjui  buco 
L.  1  (78)  51.  teplacea,  L.,  all  thro;  Kithfrr  fr.'.].,  s.  ;  (^')  ISthhmiihi  :  '71t;  B 
Uaivi,  L.  ;  (80)  B.   JoluuiiiiH,   L.,   U(tb  s[i.-ri..,  ^.     «'.  (:.,liip|.t.-ri     'li;  J 
ilulufa:    (81;   Mt-ligelbpn,  ab.,  I.li.  ;  (i)   KMi-rlihi- .-  Ihi,   l,i]ii..iii.n  jwm 
Pz.     I>.  LepidupU-ra— ''ij  IlLo/MiUrni  ;  fM:i;   Vi.iii-i-«,i  iirti^'^.',  I,.,  al,.,  .■.  ;  i 
Lycecna  arg'"''*''^  T'--  "■  '•  "'I  itiTnlrpuhplTa :  ihTi)  Adi-lii  k|).,  »!■ 
ptera— (8I(/  AntliMoriii  *p.,  k.     H.'p  uIno  N...  yjtt,  n. 
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379.  Salix  repens,  L. — On  the  much  less  conspicuous  flowers 
of  this  small  species,  I  found  only — 

A.  Hy menoptera — (a)  Apidce :  (1)  Apis  mellifica,  L.  9  >  8->  ah. ;  (2)  Bombus 
terrestris,  L.  ?,  c.p. ;  (3)  Andrena  ventralis,  Imh.,  ?,  c.p.,  (J,  s. ;  (4)  A.  pra- 
tensis,  Nyl.  ? ,  c.p. ;  (5)  A.  albicans,  K.  ? ,  c.p. ;  (6)  A.  Gwynana,  K.  ? ,  c.p. ; 
(6)  TenthredinidcR :  (7)  Dolerus  eglant^rise,  F.,  s.  B.  Diptera — (8)  Bombylius 
major,  L.,  s.  ;  (9)  Myopa  buccata,  L.,  s.  C.  Lepidoptera — (10)  Vanessa 
lo,  L.,  s. 

Salix  herbacea,  L. — Even  this,  the  smallest  of  our  SaJices,  which 
straggles  over  the  bare  rock  of  the  highest  Alps,  attracts  sufficient 
insect-visits  to  be  able  to  dispense  with  the  possibility  of  spontaneous 
self-fertilisation  ;  the  latter  is  rendered  impossible  by  the  dioecism 
of  the  flowers.  This  fact  is  strikingly  opposed  to  the  common 
statement  that  on  the  Alps  (owing  to  the  great  scarcity  of  insects) 
only  those  plants  which  possess  the  largest  and  brightest  flowers 
succeed  in  being  fertilised  by  the  aid  of  insects.  The  flowers  are 
inconspicuous,  but  the  honey  is  very  abundant.  The  only  visitors 
that  I  have  found  on  the  flowers  of  S.  Iierbacea  are  a  small  moth 
{Tineidxjc)  and  a  fly  {Comosia  sp.),  both  sucking  honey  (609).^ 

Obd.  EMPETRACE.E. 
Empetrum  nignnii,  L.,  is  anemophilous  (762). 

Oynmospermeae. 

These  lowest  and  oldest  Phanerogams  have  dicHnic  anemo- 
philous flowers ;  the  female  flowers  are  devoid  of  a  stigma,  and  possess 
a  cavity  in  the  ovule  between  the  micropyle  and  the  nucleus.  In 
the  flowering  period,  a  drop  of  fluid  rests  upon  the  micropyle  ;  the 
pollen-grains  brought  by  the  wind  are  caught  by  it,  and  are  drawn 
within  the  micropyle  as  the  fluid  evaporates  or  is  absorbed  (178  I.  ; 
712). 

Delpino  has  given  a  fuller  account  of  the  process  of  pollination  in 
Pimis  pinaster,  Ait.,  and  P.  hulepensis,  Ait.,  ( i  ^S)  and  in  Larix  ( i  y^). 

Monocotyledon  s. 

Obd.  UYDROCHARIDE.E. 

Vallisneria  spiralis,  L. — The  male  flowers  are  set  free  from  the 
plant  and  float  on  the  surface  of  the  water.    The  pollen,  which  had 

*  Insect- visitors  of  Salix  fragilis,  L.,  and  S.  amygdalina,  L.,  are  enumerated  in 
No.  590,  II.  ;  and  those  of  S,  reticulata,  L.,  and  SS.rctma,  L.,  in  No.  609. 
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hitherto  been  protected  from  contact  with  the  water,  is  now  carried 
by  currents  to  the  stigmas  of  female  flowers.  Vallisneria  is,  in  a 
certain  sense,  a  transition  from  the  water-fertilised  to  the  insect- 
fertilised  flowers  ;  HydrocharisiB  distinctly  entomophilous  (178,11.). 

Obd.  ORCHIDE^. 

This  family  is  remarkable  for  the  following  characters,  due  to 
its  wide  distribution  and  to  its  enormous  number  of  species  :  first, 
for  great  variety  of  habit  and  diversity  of  station ;  secondly,  for  its 
immense  variety  of  peculiar  and  highly-specialised  flowers;  and 
thirdly,  for  the  unusually  large  number  of  seeds  produced  in  each 
capsule.  The  diversity  of  habit  and  place  of  growth  must  be  ex- 
plained by  supposing  all  the  parts  of  the  plant  concerned  in  nutri- 
tion to  have  been  very  variable.  I  have  discussed  at  full  length 
their  variability  in  our  recent  species,  in  a  paper  upon  the  genetic 
relations  of  Epipadis  viridifolia,  E,  microphylla,  and  E,  latifolia 

(56s). 

The  multipUcity  of  forms  of  flowers  is  not  diflScult  to  under- 
stand if  we  only  suppose  the  ancestors  of  the  family  to  have  been 
as  liable  to  variation  in  their  flowers  as  our  recent  species  are.  Dr. 
Rossbach  has  discussed  the  variability  of  the  flower  in  Orchisfusca} 
and  I  myself  in  the  genus  Habenaria.* 

I  do  not  doubt  that  Orchids  owe  their  extraordinarily  perfect 
adaptations  to  particular  insects  not  only  to  the  tendency  of  the 
parts  of  their  flowers  to  variation,  but  also  to  the  separation  in 
time  of  the  two  stages  in  the  act  of  impregnation.  At  the  time 
of  flowering  the  ovule  is,  as  a  rule,  not  yet  developed ;  pollen  is 
applied  to  the  stigma,  and  the  pollen-tubes  grow  out,  but  the  ovule 
is  only  developed  and  impregnated  weeks  or  months,  sometimes  six 
months,  later.  The  extremely  complete  adaptations  to  cross-fertil- 
isation have  in  their  turn  resulted,  in  many  cases,  in  the  flowers 
becoming  absolutely  sterile  to  their  own  pollen. 

In  regard  to  capacity  for  fertilisation  by  their  own  pollen. 
Orchids  show  the  greatest  possible  differences,  all  of  which,  however, 
are  linked  together  by  intermediate  conditions.  We  find  in  this 
order,  cleistogamic  flowers  *  and  open  flowers ;  flowers  regularly  * 

'   Verhdl.  des  naturh.  Vereinsfur  pr,  Bhtinh  und  WeslfaU  p.  166,  1857. 

9  Ibid.,  pp.  36-47.  1868. 

^  Schomburgkiat  CatHeya,  and  Epidendrum  (Criiger,  149) ;  Dendrobium  (Ander- 
son, 5)  ;  Thelymitra  (Darwin,  167). 

*  Ophrys  api/era  (Darwin,  155)  ;  Neoiinea  intada  (Darwin,  159)  »  Oymnadenia 
triderUata  and  Platanthera  hyperhorea  (Asa  Gray,  274) ;  Epipactia  viridifolia  (H. 
Miiller,  565) ;  Epidendru7n  (Fritz  Miillcr,  553). 
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or  occasionally'  self-fertiliseJ  ;  others  never  splf- fertilised,  though 
quite  fertile  to  their  own  pollen  if  it  be  applied  artificially  (565) ; 
flowers  absolutely  sterile  to  their  own  pollen,  though  fertile  not 
only  to  the  pollen  of  their  own  species  but  even  to  that  of  other 
species  of  their  own  genus  (isSa,  693);  finally  species  in  which 
pollinia  and  stigma  of  the  same  individual  act  as  fatal  poisons  to 
one  another.* 

In  regard  to  the  immense  number  of  seeds  sometimes  produced, 
it  may  suffice  to  record  an  observation  of  my  brother's,  who 
estimated  over  1,750,000  seeds  in  a  single  capsule  of  a  Maxillaria 

Dissemination  by  wind  is  favoured  by  the  lightness  of  the  seeds 
and  by  the  peculiar  dehiscence  of  the  capsule,  which  opens  by 
three  longitudinal  slits,  the  parts  remaining  connected  above  or 
below. 

The  subject  of  the  cross-  and  self-fertilisation  of  Orchids  has 
been  so  fully  treated  in  Darwin's  classical  book  and  elsewhere  that 
1  may  confine  myself  to  notes  on  those  of  our  native  species  whose 
visitors  have  been  actually  observed,  and  to  some  recent  additions 
to  our  knowledge. 

Tribes  Epidendrem^  and  Yandea. 

Angrcccum  se.iquipcJali;  Pet.  T!i, — This  plant  is  a  native  of 
Madagascar.  The  spur  is  longer  than  that  of  any  other  Orchid, 
perhaps  than  that  of  any  other  plant,  and  according  to  Darwin 
C'SSA,  p.  198)  an  insect  must  have  a  tongue  10  or  11  inches  long 
to  reach  the  honey.  Mr.  W.  A.  Forbes  has  given  evidence  of  the 
existence  of  such  an  insect  (256).  My  brother  caught  a  hawkmoth 
{Macrosilia  Cluentius)  in  Brazil  which  actually  had  a  proboscis  10 
or  11  inches  long,     I  have  figured  this  proboscis  in  No.  571. 

In  Notylia,  some  species  of  Onculium,  and  others,  honey  is 
secreted  by  the  outer  surface  of  the  ovary  and  by  the  bracts.  In  a, 
Cattleya  it  is  secreted  for  a  long  period  by  the  young  fruit ;  this 
honey  is  diligently  sought  by  ants,  but  of  course  has  no  relation 
to  the  process  of  fertilisation  (Fritz  Miiller). 

Gomrza. — My  brother  observed  this  orchid  fertihsed  by  a  bee, 
and  saw  the  fertilised  flower  produce  its  capsule. 

Polystackya. — In  a  small  Brazilian  species  of  this  genus,  the 

'  Ntotlia  nidia-nvw  freqaently,  Listera  ovata  exc?ptiann1Iy  (Darwin,  159}. 
)  Species  nf  (hicidium,  Natylia,  Oomina,  StUfinatoOalix,  &ad  Suriinyttmia  (Fiiti 
Hiiller,  550;  Darwin,  15SA,  il  chap,  ivii.) 

*  See  aUo  No.  34  {Lipima  Boiekirri},  and  No,  609,  p.  77,  Hg.  SI  {Comiloritim 
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labellum  becomes  full  of  loose  cells,  like  flour,  which  probably 
attract  insect-visitors  (Fritz  Mliller). 

JEpidendrum. — In  South  Brazil  there  are  several  plain  green 
species  of  this  genus,  quite  without  perceptible  perfume,  which 
secrete  abundant  honey,  and  must  be  fertilised  by  insects.  This  is 
an  illustration  of  how  flowers  need  not  make  themselves  perceptible 
at  a  distance  to  their  visitors  by  means  which  affect  our  senses. 

An  observation  of  my  brother's  in  the  island  of  St.  Catharina 
in  South  Brazil  shows  how  a  plant  may  propagate  itself  by  self- 
fertilisation  when  deprived  of  the  insects  for  which  its  flowers  were 
adapted.  On  this  island  an  Epidendrum  occurs,  whose  flower  con- 
tains three  perfect  anthers ;  the  two  lateral  anthers  effect  self- 
fertilisation  regularly,  while  the  pollen  of  the  third  can  only  be 
removed  by  insects,  an  event  which  seems  to  be  exceedingly  rare. 
The  flower  is  almost  scentless.  At  Itajahy  an  Epidendrum  occurs 
which  resembles  the  triandrous  Epidendrum  of  St.  Catharina  almost 
exactly,  save  that  it  is  monandrous  and  has  a  strong,  aromatic 
scent.  The  triandrous  variety  can  only  be  looked  upon  as  descended 
from  specimens  of  the  monandrous  form  which  got  transpoi*ted  to 
St.  Catharina.  There  the  insects  adapted  for  the  flower  must  have 
been  absent  or  very  scarce,  so  that  the  power  to  reproduce  by  self- 
fertilisation  became  desirable.  Accordingly,  whenever  the  two 
lateral  stamens  appeared  as  an  abnormality  (as  often  happens 
in  other  Orchids)  they  had  the  greatest  possible  chance  of  being 
perpetuated  by  Natural  Selection ;  the  perfume  of  the  flowers,  on 
the  other  hand,  being  useless  and  therefore  removed  from  the 
influence  of  Natural  Selection,  was  lost  (533). 

Tribe  NeottiecB, 

Spiranthes  autumnalis,  Rich.,  has  been  observed  by  Darwin  to 
be  fertilised  by  humble-bees  (155A,  p.  127). 

380.  LiSTEEA  OVATA,  R.  Br. — Sprengel  has  described  the 
fertilisation  of  this  flower  as  he  observed  it  in  his  garden,  but  ho 
was  not  acquainted  with  the  in  sect- visitors.  Darwin  has  given  an 
admirable  description  of  the  flower,  and  mentions  two  Hyinenopt(  ra 
(Hccmitilcs  a>nd  Cryptus)  which  he  saw  attaching  the  polliuia  to  tlitir 
foreheads ;  as  he  caught  the  insects,  he  did  not  witness  the  placing 
of  the  poUinia  on  the  stigma.  My  own  observations  may  lieli)  to 
confirm  and  complete  the  accounts  given  by  Sprengel  and  Darwin. 

On  a  simny  afternoon  in  May,  1867, 1  watched  the  insect- visitors 
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of  this  plant  for  more  than  an  hour.  I  was  able  to  watcb  about 
twenty  plants  simultaneously,  and  on  eacb  tliree  or  more  iosects 
were  often  busy  sucking  huney  together.  I  concentrated  niy  atten- 
tion in  every  case  on  a  single  insect,  and  did  uot  catch  it  until  it  bad 
accomplished  at  least  one  act  of  fertilisation ;  most  of  tbem  I  only 
caught  after  they  bad  fertilised  three,  four,  or  more  flowei-a.  The 
specimen  of  Grammopiera.  lavs  which  I  have  figured  (4,  Fig.  178) 
was  already  laden  with  pollinia  vhen  I  first  noticed  it ;  it  visited 
six  flowers  in  my  presence,  carrying  off  the  pollinia  from  four,  and 
applying  pollen  to  the  stigmas  of  the  other  two,  which  had  been 


l.~PiiRiuB  at  u  qnltnillHd  Hnnr,  ftom  Uic  ude. 
_    1.— FiuBlvlcwof  Bover.  4ft«rIL*  pollen  muu>  1^) hmre bMn nmoTcd  trun  Utt  wMXbm 
■t  Rwtellam  (r>  ii  bent  ftmnrili.  utd  foUj  cBoceHi  tlu  ttigma  (jf :..    (MignLaed  noe  isOS  ■ 


L—enmwiofUn  low  BlUi  ■  number  uf  poUeD-mi 
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previously  visited  and  deprived  of  their  pollinia.  To  judge  from 
the  number  of  hardened  cement-disks  which  this  insect  earned 
upon  its  head,  it  must  have  fertilised  very  many  flowers  before  I 
began  to  watch  it.  Although  a  great  many  insects  flew  away 
before  I  tried  to  catch  then,  and  others  escaped  me,  I  secured  a 
considerable  number,  all  of  which  I  had  seen  eflecting  crocs-fcrtil- 
isation,  and  all  of  which  still  bore  pollinia  on  their  heads.  Except 
Grammoptem  UrcW  they  were  all  Ichneumonidse.  They  have  been 
identified  for  me  by  Dr.  Kaltenbacb  of  Aachen  as  "follows;  (1) 
ItAneumoH  uniffuUalus    (one   specimen);    (2)    Alysia    (one);    (J) 

'  SjBcagBl  aeems  to  ktn  caught  this  tnsKt  bcuisg  poUinis  of  Luttn  cnkp 
At  leut  he  mtnlioiu  •  smkll  beetle  with  black  head  and  icntrlliini,aiKl  bmra^fME 
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Cryptus  (eight  specimens  belonging  to  three  species) ;  (4)  Fh^gcdon 
(two) ;  (5)  Tryphon  (two) ;  (6)  Campopkx  (one) ;  (7)  Micrcgaster 
rufipes,  F.  (three).  I  saw  Bofnhus  agrorum,  F.,  licking  the  honey 
in  several  flowers  without  removing  the  pollinia. 

Sprengel  has  correctly  described  how  small  insects  (all  of  the 
above,  except  Bombus)  regularly  alight  on  the  lower  end  of  the 
labellum  (p\  2)  and  slowly  creep  upwards  licking  the  honey  in  the 
groove  (») ;  when  they  have  finished  and  raise  their  heads,  they 
come  in  contact  without  fail  with  the  slightly  prominent  edge  of 
the  thin  rostellum  (r,  1).  On  the  slightest  touch,  this  exudes 
a  small  white  drop  of  fluid,  which  reaches  the  apex  of  the  pollinia 
(po,  1)  and  hardening  instantly,  cements  them  to  the  object  whose 
touch  caused  the  exudation  ;  and  so  in  every  flower  wliicli  has  not 
previously  been  visited,  the  insect-visitor  receives  a  new  pair  of 
pollinia.  The  insect  flies  away  startled,  and  soon  afterwards  aliglits 
on  the  labellum  of  another  flower,  usually  on  another  plant.  The 
rostellum,  on  first  being  touched  and  while  it  exudes  its  drop  of 
fluid,  curves  downwards  so  as  partly  to  protect  the  stigma  (2, 
Fig.  178) ;  but  afterwards,  while  the  groove  of  the  labellum  is 
secreting  a  fresh  supply  of  honey,  the  rostellum  gradually  rises, 
leaving  the  way  free  to  the  stigma. 

Thus  to  previous  accounts  of  this  flower  we  may  add  two 
statements :  1,  that  when  an  insect  has  once  attached  pollinia 
to  its  head,  it  must  either  acquire  a  new  pair  of  pollinia  or  apply 
some  pollen  to  the  stigma  in  every  flower  that  it  visits  sub- 
sequently ;  2,  that  not  only  does  cross-fertilisation  always  occur, 
but  that  the  pollen  of  one  plant  is  usually  carried  to  a  flower 
upon  another. 

381.  Neottia  nidus-avis.  Rich. — The  flower  resembles  that 
of  Listera  ovata  in  regard  to  the  function  of  the  rostellum  and  its 
position  in  relation  to  the  anther  and  stigma.  It  differs,  however, 
by  concealing  its  honey  from  view  though  leaving  it  easily 
accessible,  by  cementing  its  pollinia  to  the  insect-visitors  in  a  more 
irregular  and  less  eff'ective  way,  and  by  being  frequently  self- 
fertilised  owing  to  the  dry  pollen  falling  bit  by  bit  upon  the 
stigma.  All  such  insect-visitors  as  are  attracted  only  hy  exj^osod 
honey  are  absent,  and  the  dull  yellow  fiuwers  deter  all  tlu»sf  wliioli 
are  only  allured  by  bright  colours. 

This  tendency  to  self-fertilisation  seems  to  me  to  be  due  ratlu  r 
to  the  mechanism  of  the  flower  being  as  yet  incomplete  than  to 
scarcity  of  insect-visits.     I  have  only  once  watched  this  plant  at 

>r  M  '2 
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the  proper  aeaaon,  but  on  that  occanon  I  fguod  it  Ttsited  bjr  i 
in  coiuidemble  abancbnce,  and  serend  of  the  spikes  were  oowetedll 
with  spiden'  webi.    I  saw  several  spedmens  of  t^togtuttr  o 
Wied.,  vkI  a  stnall  epecies  of  MuKidm  alight  <m  tbe  bbeUam  aad  ■! 
cock  the  faooey ;  bat  I  did  not  see  any  of  them  touch  the  rosteOain 
and  remoTe  the  pollinia.     After  watchisg  for  a  long  titDe.  I  saw 
a  larger  yellow  fly  {JltUmiyza  affinia,  Ugn.)  visit  a  Hower ;  when 
it  crawled  up  the  Ubelluro  to  its  base,  licking  the  hooey  on  tta 
way,  it  came  io   contact  with   the  rostelluni  ant)  ceraent«d  the 
pollinia  to  the  anterior  part  of  its  thorax.     It  flew  away,  startled; 
bat  it  was  caught  in  a  sjrider's  web,  and  my  chance  of  obeernng   i 
the  fertilisation  of  Xeottia  was  ]mt. 


I 


riu.  IT*.— MiwHia  uttml  iHi.  Kkli. 
T  — l>t«nl  Tttw  at  tomtt. 
3  — DIHd,  o<  bballMM, 

«-— L»htllBiD.  trmt  kbart-    Pw  mall  rinfi  liidiatt  hmuT  di 
4— KiKDtUI  sqaas.  In  ■id»Tt«w. 
tr.  bnct;  »,  r^rnnn.    Othrr  Itttrn  u  in  FV  H"- 


Qoodyera  rej>ens,  R.  Br.— Mr,  R.  B.  Thotnson  snw  this  plant 
fertilised  in  the  north  of  Scotland  by  Bornbus  pratonim  (Darwin, 
1 59,  165) ;  I  have  seen  it  on  the  Alps  fertilised  by  £.  mastrueatus, 

« (609).   . 

The  Alpine  CJianurorchU  is  probably  adapted,  like  Zistera,  for 
fertilination  by  lehimmonulet  (609). 

Epipaclia  latifolia,  Swartz. — Charles  Darwin  observed  this  plant 
to  be  fertilised  by  wasps  {Veapa  sihtttris).  Self-fertilisation  seetna 
scarcely  possible. 

Ejyip{u-ti»  mierophylla,  Ehrb,,  fertilises  itself  regularly  ;  bat 
part  of  the  pollen  can  be  removed  by  insects  by  the  aid  of  the 
sticky  secretion  of  the  rostellum,  as  the  whole  pollinia  are  in 
E.  latifolin. 

EpipaHin  virirliforn,  Rchb.,  has  quite  lost  its  rostellum.    Small 
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portions  of  pollen  may  be  accidentally  carried  away  by  niinutc^ 
insects,  but  the  flower  is  self-fertilised  in  a  still  more  conspicuous 
degree  than  E,  microphylla,  I  have  described  elsewhere  (565) 
the  changes  in  the  relative  position  of  anther  and  stigma  which 
render  self-fertilisation  possible,  and  the  intermediate  stages 
between  the  above-mentioned  species  of  Epipaciis, 

Epipadis  palicstris,  Crantz. — Mr.  W.  E.  Darwin  saw  this  species 
visited  and  fertilised  abundantly  in  the  Isle  of  Wight  by  Apis 
mellifica,  9  ;  also  by  flies  {Sarcophaga  camosa  and  Ccdopa  frigida) 
and  by  Crahro  hrevis, 

Epipogo7i  Gmelini,  Rich. — Paul  Rohrbach^  has  described  the 
structure  and  fertilisation  of  this  flower  very  admirably  (675). 
He  observed  Bomhus  luconcm,  L.,  visiting  the  flowers. 


Tribe  Ophrydeca, 

Serapias  longipdala,  Pollin.,  is  visited  by  bees  in  the  west  of 
Liguria  (Delpino,  567). 

Herniinium  Monarchis,  R.  Br. — George  Darwin  observed  the 
flowers  visited  by  twenty-seven  species  of  small  insects,  of  which 
the  largest  were  one-twentieth  of  an  inch  long.  They  consisted 
of  Hymenoptera  (especially  Tctrastichus  diapha7i(htis  and 
Pteromalini),  Diptera,  and  Coleoptera  (e.g.  Malthodes  Irevicollis). 
I  have  found  the  flowers  visited  on  the  Alps  by  small  Brfioonida* 
and  Pteromalidse  (609). 

Platanthera. — I  have  elsewhere  (565)  proved  at  very  consider- 
able length  that  the  varieties  distinguished  as  P.  hifolia  and 
P,  chloraniha  by  German  botanists  are  connected  with  one  another 
by  numerous  intermediate  forms ;  but  that  the  plant  referred  to 
by  Darwin  as  P,  hifolia  corresponds  to  P.  solstitialis,  Bonningh., 
and  is  a  well-defined  species.  The  spur  of  P.  solstiiialis  is  from 
12  to  21  mm.  long,  that  of  P.  chlorantha  from  23  to  43  mm. ;  in 
both  species  the  spur  is  too  narrow  to  admit  a  bee's  proboscis. 
The  honey  is  therefore  accessible  only  to  Lepidoptera,  and  in  the 
extreme  forms  of  P.  chlorantha  only  to  Sphingida\  The  colour 
of  the  flowei's  suggests  that  they  are  a<lapted  for  nocturnal  and 
crepuscular  insects.  Darwin  caught  a  specimen  of  Jfadcna  dtufiiifi 
to  one  of  whose  eyes  a  sticky  disk  of  P.  chlorawha  was  attaclicd, 
and  a  Plnniiv  with  one  attached  to  the  niartjin  of  its  eye.  Tlu* 
sticky   disks    stand    much  closer    together  in  P.   sohiiliaJi^,    and 

*  This  able  andbrilliaDt  naturalist  died  at  on  early  age. 


Gymnfdenut  fonnpsfa.  It.  Br. — The 
Loney  is  only  awessible  to  LepiHoptei 
the  flower  to  be  visited  by  nocturnal 
/'.  gavima,  Anailis  pla<)infa,  Tripbit 
I  have  seen  tliis  species  visited  by  tv 
of  Lepidoptera,  niostiy  butterflies  (60 

Gymnnilenia    odoratissi'ma,    Rich. 
(4  or  5  nun.,  against  13  or  14  mm, 
and  stronger  and  more  aromatic  perf 
visited  by  three  species  of  nocturnal  I 
Niffriitlla  angvsiijolia,  Rich. — The 
position  of  the  parts  of  the  flower  is, 
in  Gymiiadenta.    Its  strong  odour  of 
Lepidoptera  (I  observed  forty-eight 
whose  proboscis  the  pollinia  get  cemei 
Nigi-itella  euairolfns,  Koch.,  seem 
angustifolin  and  Gymnadenia  odoraiis: 
cements  its  pollinia  to  the  upper  side 
JV.  anffustifolitt.  to  the  lower,  it  is  dil 
can  be  produced,  except  from  flowers  ol 
abnormally  inclined.    Such  abnormall 
to  be  met  with  now  and  then  ia  both 
Anaraniptis  pyrnmidnlis.  Rich. — 
points  w  itb  the  species  of  Orchis  to  bi 
like  them  secretes  no  free  honey. 
admitting  the  tongues  of  Lepidoptera, 
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and  under  favourable  conditions  is  covered  with  a  number  of 
minute  drops.  A  Sarcophaga  which  I  saw  seated  on  the  under 
lip,  licking  these  drops,  flew  away  on  my  approach.  But  it  had 
its  head  pointing  towards  the  base  of  the  lip,  and  if  I  had  not 
disturbed  it,  it  would  prAbably  not  have  failed  to  lick  also  the  two 
black  shining  bodies  at  the  base  of  the  lip ;  in  doing  so  it  would 
have  touched  the  rostellum  and  caused  a  pollinium  to  be  cemented 
to  its  head.  The  two  bodies  at  the  base  of  the  under  lip  look  like 
drops  of  fluid,  though  in  reality  they  are  quite  dry.  They  may 
be  called  pseudo-nectaries,  and  probably  deceive  the  insect- visitors 

(589,  590, 1.)- 

382-385.  Orchis  mascula,  O.  morio,  O,  latifolia,  and  O. 
MACULATA. — In  all  these  Orchids  the  three  sepals  and  the  two 
superior  petals  arch  over  the  essential  organs  of  the  flower,  while 
the  inferior  petal  or  labeiliim  forms  a  convenient  alighting-place 
for  insect-visitors.  The  labellum  is  prolonged  backwards  into  a 
hollow  spur,  which  secretes  no  free  honey,  but  whose  walls  are 
composed  of  very  delicate  and  succulent  tissue.  Immediately  above 
the  entrance  to  this  spur  stands  the  trilobed  stigma,  whose  two 
inferior  lobes  form  the  true  stigmatic  surfaces,  while  the  third 
superior  lobe  forms  the  rostellum.  This  organ,  the  hursicula  of 
German  authors,  consists  of  a  little  pouch  full  of  viscid  matter, 
which  projects  into  the  mouth  of  the  spur.  The  two  lateral 
anthers  are  just  visible  as  useless  ru*diments  (sta,minodes) ;  the 
third,  and  only  perfect  one,  stands  immediately  above  the  rostellum. 
Its  two  loculi  are  separated  by  a  broad  connective,  and  are  split 
anteriorly  for  their  whole  length  by  a  longitudinal  slit.  The  two 
pollinia  lie  within  the  loculi,  quite  unattached  except  at  the  ends 
of  their  caudicles,  which  adhere  to  the  upper  surface  of  the  ros- 
tellum. When  an  insect  thrusts  its  head  into  the  spur,  it  inevit- 
ably comes  in  contact  with  the  rostellum  ;  the  membrane  covering 
the  latter  instantly  splits  into  an  inferior  portion,  which  curls 
backwards,  and  two  small  round  disks,  connected  with  the  caudicles 
and  coated  abundantly  with  viscid  matter  on  their  lower  surfaces ; 
these  attach  themselves  to  the  insect's  head.  The  cement  of  the 
sticky  disks  quickly  hardens,  and  when,  after  a  short  time,  the 
insect  withdraws  its  head,  it  takes  with  it  the  disks  and  the  pollinia 
attached  to  them  by  their  caudicles.  At  first  the  pollinia  stand 
almost  perpendicular  to  the  disks,  but  soon,  as  the  disks  dry,  tlie 
pollinia  bend  gradually  forwards  through  an  an^ifle  of  nearly  0(1°, 
and  so  come  into  such  a  position    that   in  subsequently-visited 
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TM» »fcw rf  <he  Iwwr  rf  Owhii  —  fiii|iiwwh il  trEtoviM 
•Cm*  be«raaj  «ae  ehebad  aaeeeeded  ia  ubKnuig  am 
I  CVd  m  iW  vofk.     Ewfj  Jelaa  m  the  Mraebne  W  tke 
;  mtmti  to  be  artii&ctorilr  txjlaiaei,  but  Ae  aUraee  of  hm^: 
Ae  nwr  wMuwJ  wiifciwit  tfflM— lioB.    ~ 
llMt  Uw  ppsOiiiift  were  a^iplwd  bf  mwcto  to  the  rti^n  «r 
iover  (702,  {L  401).  nggeitcd  tbst  tbe  imct-nitar 
jMWh  «(f  boikey,  mkI  en  iadng  bobc,  pmcd  oa  to 
kmd  of  flowvr.    Bvt  H  ms  tmemtial   far  Swvm's 

KBiimbcT  of  ike  Cornea  m 
iioB;  aad  Darwin  wiggejuJ  Uwt  piMHUjthe  imecto 
Miate  tiao»  of  tlte  ipar  and  cncked  tbe  indoded  flnid.  My  owb 
4b«et  obMrraUooa  have  eonfinncd  dus  new.  u  w^  ai  emy 
detail  of  tlto  rect  at  Darwia'a  aceottnc  Tlw  foQowiog  dcatriptiott 
«f  tbe  aetioa  of  inaecta  on  Otdib  was  pobltahed  maay  jean  ago 
(5«5):- 

Od  Ma;  6, 1869, 1  and  my  aon  Hermann  &t  leDgtb  succeeded  ia 
obaerring  burabie-beea  fertilisiDg  tbe  flowers  of  Oidiis  upon 
Huombtsrg  HilL  As  we  la;  upon  the  turf,  which  waa  ovctyiowB 
with  Orehu  mamtla,  we  saw  a  humble-bee  (apparently  Baa^Mt 
UrrfMriji)  alight,  close  beside  us,  on  the  base  of  a  spike  of  tbat 
plant.  It  thrust  its  bead  into  a  Sower,  and  drew  it  oat  after  about 
four  Beconds  with  thfi  two  pollinia  attached  to  it.  It  repeated  tbe 
taine  operation  on  two  more  flowers.  After  witbdiawing  its  head 
from  the  third,  it  paused,  and  tried  without  success  to  free  itself 
from  the  pollinia,  which  were  cemented  firmlj  to  the  front  of  its 
heail.  Climbing  a  little  further  up  the  spike  it  thrust  its  head 
into  a  fourth  fluwer.  At  that  moment  I  trieil  to  catch  it  in  mjr 
net.  biit  it  escaped  and  flew  away.  We  next  saw  a  Bombu4 
horloriim  suck  three  or  four  flowers  on  a  spike  of  OrchtM 
vutmiU'i  (beginning  at  the  ba.se  of  the  spike),  and  then  proceed 
to  another  Bpike,  near  by.  We  examined  this  latter  spike,  and 
fouud  fteveral  of  its  stigmas  smeared  with  pollen  and  tbe 


spiae,  ana    ■ 
;  locuU  of  ■ 
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the  anthers  empty.  In  the  space  of  two  hours  we  had  three  more 
opportunities  of  watching  the  fertilisation  of  Orchis  mascula ;  the 
fertilising  agent  on  two  of  these  occasions  was  Bomhus  lapidarius, 
on  the  third,  P»ithyrm  campestris.  B.  lapidarius  spent  a  shorter 
time  on  each  flower  (about  two  to  three  seconds),  but  otherwise  the 
various  bees  behaved  precisely  alike.  We  caught-  the  Fsithyrus 
and  a  B.  lapidarius,  and  found  a  number  of  pollinia  on  the  head  of 
each.  Some  of  the  pollinia  had  already  bent  forwards,  so  that 
they  were  ready  to  come  in  contact  with  the  stigma  of  the  next 
flower;  others  were  still  erect.  Of  ninety-seven  humble-bees 
which  we  caught  that  day  on  Stromberg  Hill,  thirty-two  bore 
pollen-masses  of  Orchis.  We  frequently  observed  on  our  captured 
bees,  that  when  the  pollen-masses  bent  forwards  the  bee  was  able 
to  tear  them  off  with  its  mandibles.  Some  bees  which  we  caught 
with  pollinia  on  their  heads  had  them  attached  to  their  forelegs 
when  examined  shortly  afterwards.  These  frequently  successful 
efforts  on  the  part  of  the  bees  to  free  themselves  from  the  pol- 
linia explain  why  we  often  find  whole  pollinia  or  pairs  of  pollinia 
attached  to  the  flowers,  generally  in  the  neighbourhood  of  the 
stigma. 

On  this  one  day,  which  was  especially  favourable,  as  it  was  warm 
and  calm,  and  came  after  a  long  spell  of  cold  weather,  probably 
more  than  a  third  of  all  the  humble-bees  on  Stromberg  Hill  had 
been  engaged  in  fertilising  Orchids.  The  following  numbers  give 
a  rough  idea  of  the  scale  on  which  the  work  was  performed.  At 
seven  o'clock  on  the  morning  of  the  same  day  I  gathered  ten 
specimens  of  Orchis  morio  on  a  meadow  covered  with  the  plant. 
These  ten  spikes  xjontained  107  expanded  flowers ;  of  these,  one  only 
had  its  anther-loculi  empty  and  its  stigma  smeared  with  pollen ; 
two  had  their  stigmas  smeared  with  pollen,  but  their  pollinia  had 
not  been  removed.  At  five  o'clock  in  the  afternoon  I  gathered  in 
the  same  place  ten  spikes  containing  ninety-seven  flowers ;  fourteen 
had  their  stigmas  smeared  with  pollen,  and  of  these  two  only  had 
their  pollinia  still  within  the  anther-loculi ;  three  other  flowers 
had  their  pollinia  removed,  but  their  stigmas  showed  no  trace 
of  pollen.  Tims  at  seven  o'clock  in  the  morning  2'')  per  cent., 
and  at  five  o'clock  in  the  afternoon  over  14  per  cent,  of  tlu'  flowers 
had  been  fertilised. 

I  need  hardly  add  that  this  observation  fully  confirnieil  Darwin's 
suggestion.  The  bees  must  have  found  something  wiiliin  tlie 
spurs,  or  they  would  not  have  continued  to  visit  the  flowers.  Since 
the  spur  contains  no  free  honey,  but  abundant  fluid  witliin  its 


L 


next  flower,  the  bee,  as  it  creeps  under  the  stigma,  leaves  some  pollen 
OD  tlM  papillsB,  which  are  loDg  and  point  obliquely  forwards ;  then. 
iu|iio<;ziitg  itM-lf  pgain  through  one  of  tbe  small  orifices,  it  acquires 
Another  loail  of  pollen :  cross- fertilisation  is  thus  effected  regularly. 
TIte  third  auther  (a')  is  metamorphosed  into  a  broad,  purple-spotted 
lobe,  wliich  stands  in  tbe  posterior  half  of  the  cavity  of  the  lip  and 
leaves  only  the  small  laternl  orifices  described  above,  Tbe  hairs, 
which  aro  urniti^cl  in  a  broad  band  on  the  fioor  of  the  tabellum, 
m^t/ni  tij  liclfi  the  Andrciuc  to  climb  up  towards  the  orifices,  besides 
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attachiDg  them  by  their  secretion.  Smaller  bees  and  flies  which 
are  too  large  to  pass  freely  through  the  orifice  and  too  weak  to 
force  their  sides  apart,  must  as  a  rule  perish  of  hunger  within  the 
labellum.  I  have  repeatedly  found  Andrena  parvula,  K.  5 ,  dead 
within  the  labellum,  and  also  the  following  flies  :  JEmpis  punctata, 
F.,  a  Cheiloda  {Syrphidcc),  an  AnthoTiiyia  (Muscida^),  and  considerable 
numbers  of  Spilogaster  semicinera,  Wied.  {Miiscidm).  Small 
beetles  {ifeligethes)  are  often  able  to  creep  freely  out  of  the 
labellum,  but  sometimes  they  are  held  fast  by  the  sticky  pollen  and 
remain  to  perish. 

Cypripedium  harbatum  is  believed  by  Delpino  to  be  fertilised  by 
flies.  Delpino  found  flies  within  the  labellum  of  some  cultivated 
plants,  which  afterwards  set  seed  (178,  567). 

Cypripedium  caudatum  is  believed  by  Delpino  to  be  fertilised  by 
snails  (178). 

THE  ADAPTIVE   MODIFICATIONS    OF   ALPINE   ORCHIDS   COMPARED 

WITH  THOSE  OF  THE  LOWLANDS. 

A  review  of  the  Orchids  that  I  have  observed  upon  the  Alps 
shows  that,  above  the  limit  of  trees,  almost  the  only  species  which 
occur  are  those  adapted  for  Lepidoptera,  while  in  the  lower  regions 
forms  adapted  for  all  kinds  of  visitors  occur.  The  following 
species  occur  in  greater  abundance  above  the  level  of  trees,  or  are 
restricted  entirely  to  that  region :  (1)  Orchis  ustidata,  (2)  0.  globosa, 
(3)  Gymnadenia  conopsea,  (4)  G.  odoratissima,  (5)  O.  albida,  (6) 
Peristylvs  viridis,  (7)  Nigrittlla  angustifolia  (N,  suaveolens,  as  being 
probably  a  hybrid,  cannot  be  included),  (8)  PlatarUhera  solstitialis, 
(9)  Chammorchis  alpina.  Of  these,  six  (1,  2,  3,  4,  7,  8)  are  un- 
doubtedly, and  two  (5,  6)  (from  the  narrow  entrance  to  the  spur) 
in  all  probability,  are  fertilised  by  Lepidoptera.  While  we  thus 
find  that  of  the  loftier  Alpine  Orchids  at  least  two-thirds,  but 
probably  eight-ninths,  are  adapted  for  Lepidoptera,  in  Westphalia 
we  find  that,  of  thirty-five  species,^  at  most  six  ^  are  adapted  for 
Lepidoptera,  and  most  of  these  are  very  sparingly  visited  by 
them  (609). 

^  Orchis  pyramidalis,  0.  morio,  O.  mascula,  0.  laxiflora,  0.  coriphorn,  O.  militniis, 
0.  tridentata,  0.  samhncina,  0.  latifolia,  O.  maculata,  Gymnadenia  conopsca.  (J. 
albida,  Platanthera  bifolia  (solstitialis),  P.  chlorantha,  Peristyliis  viridis,  HcriiiiniMJii 
Monorchia,  Ophrys  muscifera,  0.  apifera,  O.  aranifera,  Epii>o^on  r,nn'Iini,  ('.I'lnl 
anthera  pallens,  C.  ensifolio,  C.  rubra,  Kpipactis  latifolia,  E.  microphylln.  K.  viri.li- 
flora,  E.  atronibeDS,  E.  palustria,  Liatera  ovata,  Goodyera  repens,  Spiranthcs  nutiim- 
nalis,  Malaxis  palndosa,  Liparis  lioeselii,  Cypripedinm  Calceolus. 

•  Orchis  pyramidalis,  Gymnadenia  eonopsea,  G.  albida,  Platanthera  bifolia  (solvtj- 
tialis),  P.  chlorantha,  Prristylus  viridis. 


Tril>e  Ziitgihefeas. 

Hedychiu-m  and  A/pinia  are  a'lapteti  for  cross-fertilisation  by 
insects.  The  visitors  must  come  in  contact  first  with  the  stigma 
and  afterwards  with  the  anthers  (172,  352).  Detpino  conjectured 
that  Hedychium  must  he  fertilised  by  Lepidoptera,  and  long  after- 
wards found  scales  of  Lepidoptera  on  the  stigma  of  the  plant 
(177).  Fritz  Muller  has  shown  that  the  flowers  of  Hedychium 
are  arranged  so  that  the  poUeu  may  be  transported  by  the  wings 
of  long-tongued  butterflies. 

Zingiber  o^cinarum. — Cross-fertilisation  is  ensured  iu  case  of 
insect-visits  by  the  prominent  position  of  the  stigma  (35  O- 

The  cultivated  plant  in  South  Brazil  is  only  reproduced  by 
vegetative  means,  and  is  quite  barren,  though  pollen,  stigma,  and 
ovule  seem  to  reacli  normal  development.  This  sterility  is 
perhaps  due  to  the  plants  teing  all  portions  of  one  original 
stock  (359). 

Tribe  JIaranletr. 

Calatlua  (Maraitta)  zchriiia,  Meyer,  and  C  discolor,  Lindl., 
have,  according  to  Hildebrand,  an  explosive  arrangement,  com- 
parable to  that  of  several  Fapilionaceas.  A  hood-shaped  petal,  on 
the  under  side  of  the  almost  liorizontal  flower,  surrounds  the  style, 
which  carries  at  its  extremity  the  funnel-shaped  stigma,  and  above 
the  stigma  the  pollen  which  is  shed  upon  it  in  the  bud.  The 
weight  of  an  insect- visitor  alighting  on  the  petal  itself  or  on* a 
booked  process  of  it,  sets  the  stylo  free.  The  style  then  curves 
backwards  and  inwards,  so  that  the  ventral  surface  of  the  insect 
is  first  swept  by  the  stigma  and  then  dusted  with  fresh  pollen. 
The  style  in  curving  backwards  closes  the  path  to  the  honey, 
so  that  each  flower  is  only  visited  once  (360,  p.  617).  Delpino 
investigated  MaraiUa  bicolor  and  M.  catina'/oUa,  and  found  their 
flower  almost  identical  in  structure  with  the  species  described  by 
Hildebraud.  He,  however,  found  that  part  of  the  style  between 
the  stigma  and  the  pollen  secretes  a  sticky  fluid,  which  is  applied 
to  the  insect's  proboscis  and  causes  the  pollen  to  adhere. 

ThaHi  dcalbiita,  Fras.,  has  similar  flowers,  which  are  visited 
and  fertilised  abundantly  at  Florence  by  the  hive-bee. 

Belpino  has  tried,  hy  comparing  the  flowers  of  MarantaceeB 
with  those  of  Musacecr,  Zingiheracece.  Cammctee,  Orchidece  and 
Graminew,  to  trace  out  the  genetic  relations  of  these  orders  (175). 
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Maraiiia  arundiiiacea,  L.,  is  sterile  in  South  Brazil,  where  it  is 
only  propagated  asexually.  The  flowers  have  ceased  to  produce 
pollen,  but  retain  the  elastic  style  (359). 

Tribe  Cannece. 

Canna. — At  an  early  period  the  anthers  shed  all  their  pollen 
upon  the  expanded  style,  from  which  it  is  removed  by  insects  and 
conveyed  to  other  flowers  (Delpino,  172).  According  to  Hilde- 
brand,  spontaneous  self-fertilisation  very  often  takes  place,  and 
leads  to  the  production  of  good  fruit  (351,  352). 

Tribe  Museas. 

Streliizia  regitue,  Ait. — The  two  inner  and  inferior  perianth- 
segments,  which  inclose  the  five  anthers,  separate  when  a  visitor 
presses  upon  them  in  trying  to  enter  the  flower;  the  anthers  then 
emerge  and  come  in  contact  with  the  under  surface  of  the  visitor. 
The  stigma  is  exserted,  and  is  accordingly  always  touched  before 
the  anthers.  Delpino  supposed,  and  Darwin  showed  by  direct 
observation,  that  the  fertilisers  are  honey-sucking  birds  (356,  p. 
508  ;  360,  p.  673  ;  178,  p.  232 ;  567,  p.  4).  At  the  Cape  of  Good 
Hope,  it  is  fertilised  by  Nectarinidae  (164,  p.  371). 

Musa, — The  Bananas  which  are  cultivated  in  South  Brazil  and 
propagated  only  by  asexual  means,  are  barren ;  their  anthers 
produce  very  little  pollen  and  wither  without  dehiscing  (359, 
p.  275).  The  flowers  of  Micsa  attract  insects  by  an  abundant 
secretion  of  sweetish  jelly.  THgana  ruficrus,  Latr.,  is  attracted  in 
swarms  (590,  I.  p.  14). 

Obd.  IRIDK.K 

387.  Iris  Pseud-acorus,  L. — The  honey  is  secreted  by  the 
lower  portion  of  the  perianth  {dd'  1,  Fig.  181),  and  is  collected  in 
the  space  (li)  between  it  and  the  pistil  («).  Access  to  it  is  only 
possible  at  three  points,  between  the  lower  portion  of  each  outer 
lobe  of  the  perianth  and  that  of  the  petaloid  style  above  it.  The 
filament,  adhering  as  a  longitudinal  ridge  to  this  portion  of  each 
perianth-segment,  divides  the  passage  to  the  honey  into  two  separate 
openings  (h  h)  ;  thus  altogether  six  somewhat  narrow  passages,  two 
at  the  base  of  each  stigmatic  lobe,  bounded  laterally  by  the  )>ro- 
jections  from  the  outer  perianth-segments,  form  the  only  approaches 
to  the  honey.     An  insect  must  have  a  proboscis  at  least  7  iiim. 


nirfaces  are  directed  downwards.     Self-fertJ 
impossible. 


l.~Tnin«TFt»»  WPlInn  tlitowli r 

3.~TniuTFrH  HcUon  tbruugh  th*  pcrluUi.  mi  uic  p 

S.— Tntuvprw  BNtlnn  ntiii^wliit  higher  tlmn  1,  to  ahi. .. 

to  the  dlTliloDB  »f  Ui«r^1tuid  the  ouUr  «i!nuint<i  nt  the  peril 

a.  ■t]'l«  :  s'  a'  a' ,  tba  thne  tnlUicfaiii  dlvlalone  of  thir  M j-Ii 
or  Olsmfiita.  idlierTBt  to  the  out*[  MKintinlii  of  the  ptriinlh 
periuith :  4  r,  the  Ivo  hd|?«  oa  encb  DUt«r  ■d£msDt  ai  the  per 


Sprengel,'  lias  g,iven  a  very  full  aci 
flowers  of  Iris  P.^rmfaeorus  and  /.  Xipk 
in  sect- visitors  were,  liowever,  not  n 
conception  of  tlie  mode  of  fertilisation  n 

In  Spreugel's  opinion,  buth  species  of  Iri 
by  humble-bees.  A  bee  aliglits  on  one  of  t' 
the  perianth,  toward  the  base  of  which  it 
over-hanging  petaloid  style,  until  it  reaches 


PABT  III.]  THE  MECHANISMS  OF  FLOWERS.  545 

petaloid  style,  which  is  the  functional  stigma ;  a  little  further  on 
it  rubs  against  the  pollen-covered  surface  of  the  anther,  which  lies 
close  to  the  petaloid  style.     In  this  way,  Sprengel  declared  that 
two  stigmas  in  each  flower  were  regularly  fertilised  by  means  of 
pollen  from  the  previously-visited  anthers  of  the  same  flower,  and 
that  the   stigma   first  visited   in  each  flower  was  always  cross- 
fertilised  by  means  of  pollen  from  the  preceding  flower :  thus  self- 
fertilisation  took  place  twice  as  frequently  as  cross-fertilisation. 
Though  Sprengel  was  not  aware  of  the  advantage  of  cross-fertilisa- 
tion, he  was  repeatedly  led  by  his  observations  to  the  conclusion 
"that   nature    is   unwilling   that   any  hermaphrodite   flower   be 
fertilised  by  means  of  its  own  pollen."     In  order  to  adhere  to  this 
theory  in  the  case  of  Iris,  which  he  abandoned  again  and  again  in 
other  cases,  Sprengel  chose  to  look  upon  each  third  of  the  flower 
in   Iris   as   a    separate    hermaphrodite    flower,   which   thus   was 
regularly  cross-fertilised. 

My  frequent  observations  of  insect-visits  differ  materially  from 
Sprengel's  view  of  the  case.  It  is  true  that  humble-bees  visit 
the  flower  of  Iris  psevdacorms^  but  they,  as  a  rule,  act  in  a  way 
very  different  from  that  which  Sprengel  described;  and  a  very 
much  more  frequent  visitor  is,  in  my  experience,  the  long-tongued 
hover-fly,  Ehingia  roslrcUa. 

In  many  flowers  of  Iris  psevdacorus  the  petaloid  styles  stand 
6  to  10  mm.  above  the  corresponding  outer  perianth-segments.  In 
others  each  petaloid  style  lies  so  close  to  the  perianth-segments 
that  only  a  very  small  passage  is  left,  which,  owing  to  the  con- 
vexity of  the  style,  lies  immediately  below  the  stigma.  These  two 
forms  of  flowers  have  adapted  themselves  to  different  fertilising 
agents. 

In  flowers  of  the  first  variety  the  fly  {Rhingia)  crawls  along 
the  outer  perianth-segment  to  the  nectaries  without  touching 
either  stigma  or  anther;  it  inserts  its  proboscis  (11  mm.  long) 
into  one  nectary  after  the  other,  and  then  moves  a  few  steps 
backwards  to  feed  on  the  pollen.  When  under  the  anther  it 
raises  its  head,  stretches  out  its  tongue,  and  so  reaches  the  pollen. 
Then  it  flies  to  another  perianth-segment  of  the  same  flower,  or  to 
another  flower.  Its  visits  to  this  variety  are  thus  not  only  useless 
but  hurtful,  leading  to  waste  of  pollen. 

In  flowers  of  the  other  form  this  fly  creeps  through  the  small 
passage  beneath  the  true  stigma,  and  touches  with  its  back  first  the 
stigma  and  then  the  anther  before  reaching  the  nectaries.  After 
sucking,  it  creeps  backwards  without  staying  to  eat  pollen,  until  it 

N    N 


tofiany  pollen  to  the  sugmau^unaw^ 
flower,  and  (i)  it  is  hindered  from  eati 
the  flowers  of  the  other  form,  Rkinffia  pasei 
ot^complbhing  fertilisatioii,  and  moreover  i 
as  huney. 

In  relation  to  bees"  visits  the  coodititn 
When  the  petaloid  style  Hea  close  upo; 
segment,  the  opening,  wliich  is  sufficient 
too  small  to  admit  a  humble-bee.  On  Maj 
a  large  parasitic  humble-bee  {Psilkyrus  v«l 
long,  and  10  mm.  broad)  creeping  in  varic 
dowers ;  finally,  placing  its  head  above  the 
an  outer  perianth-segmeDt,  it  inserted  its  U 
of  the  nectaries,  and  so  reached  the  honey 
the  stigma  or  anther. 

In  flowers  of  the  other  form,  I  have  obJ 
case  of  Bombus  agrorum,  B.  hortorum,  and  J 
bees  alight  on  one  of  the  outer  perianth-se 
the  petaloid  style  to  the  honey- passages, 
both  stigma  and  anther  with  their  bad 
backwards  along  the  path  they  came  by 
to  one  of  the  other  outer  perianth-segmen 
to  enter  bfneath  the  stigma,  as  before, 
circuit  of  the  flower  and  exhausting  all  it 
another,  and  so  effects  cross -fertihsation  r 

Occasionally,  but  only  in  those  few  fli 
of  the  petaloid  styles  was  intermediate  I 
have  described  as  tj-pical,  I  have  seen  hu 
wards  from  under  cover  of  the  style,  as  6 

T'lin  flmiToi~j  of  Irig  vscudacorui  thu 
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Those  flowers  fitted  for  fertilisation  by  bees  are  at  an  advantage 
in  that  the  bees  always  cause  cross-fertilisation  of  separate  plants ; 
but  at  a  disadvantage  from  having  their  pollen  exposed  to  robbery 
by  Ehingia.  The  flowers  adapted  for  fertilisation  by  RMngia  have 
the  disadvantage  that  self-fertilisation  is  as  frequently  or  even 
more  frequently  caused  than  cross-fertilisation;  but  possess  the 
advantage  that  their  pollen  is  not  liable  to  be  wasted,  and  that 
they  receive  more  numerous  visits.  Advantages  and  disadvantages 
must  be  about  equally  balanced  in  the  two  varieties,  since  natural 
selection  has  not  enabled  either  to  outstrip  the  other.  The  rarity 
of  intermediate  forms  is  explained  by  the  fact  that  such  forms 
combine  the  disadvantages  of  both  extremes;  cross-fertilisation 
is  not  secured,  and  the  pollen  is  not  protected  from  robbery. 

Besides  the  visitors  already  mentioned  one  or  two  useless 
guests  frequent  the  flowers.  On  the  variety  in  which  the  perianth 
and  styles  stand  wide  apart,  I  once  saw  Osmia  rufa,  9 ,  engaged  in 
sucking  honey.  This  bee  was  enabled,  by  the  length  of  its 
proboscis  (8  mm.),  to  enjoy  the  honey  without  touching  either 
stigma  or  anther.  I  once  saw  a  hive-bee  trying  to  obtain  honey. 
It  crept  beneath  a  style  without  touching  the  st^'gma  or  anther, 
as  far  as  the  honey-passages,  and  then  stretched  out  its 
proboscis  (6  mm.),  which,  however,  was  too  short  to  reach  the 
honey.  After  several  unsuccessful  attempts  the  bee  deserted  the 
plant  and  settled  on  flowers  of  Ranunculus  acris. 

Visitors  :  A.  Hymenoptera — Apid(P :  (1)  Bombus  vestalis,  Fourc.  ?  ;  (2) 
B.  agrorum,  F.  ?  5  ;  (3)  B.  liortorum,  L.  ?  5  ;  (4)  B.  Rajellus,  IlL  ? ,  all  four 
bUcking  ;  (5)  Osniia  rufa,  L.  9 ,  sucking  without  effecting  fertilisation  ;  (6)  Apis 
mellifica,  L.  9>  vainly  sucking  honey.  B.  Diptera — Syrihidce :  (7)  Rliinpia 
rostrata,  L.,  s.  and  f.p. 

A  species  of  Cypella,  in  S.  Brazil,  according  to  Fritz  Mliller, 
increases  its  conspicuousness  very  effectually  by  not  expanding 
its  flowers  regularly  day  by  day  but  by  concentrating  them  upon 
certain  days  (597). 

Crocus  vem'ics,  All. — Honey  is  secreted  by  the  ovary,  and  rises 
in  the  narrow  tube  (almost  filled  by  the  style)  nearly  to  the  upper, 
somewhat  expanded  end.  It  can  only  be  completely  extracted  by 
long-tongued  Lepidoptera,  while  humble-bees  as  a  rule  can  only 
skim  the  surface.  By  the  violet  or  more  frequently  wliite  colour 
the  fiowers  seem  to  be  adapted  for  crepuscular  and  nocturnal 
Lepidoptera.  I  have  found  them  visited  by  Plusia  f/aruma,  less 
often  by  Vanessa  cardui,  and  occasionally  by  humble-bees.    At  first, 
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sei r-ie  rx iiinuu,  iiiu  biyim  Lumn^^imi 
Gladiolus  tegelum   has   proterai 

Labiate   type  acconliiig   to    Delpii 

maphrodite    flowers  others  occur 

p.  184,  360,  p.  670). 

Gladiolun  palustria,  Gand.,  and 

by  bees  ami  liiimble-bees  (590, 1). 

Obd.  Lim 

388.    AspABiGUS    OFFICINALIS, 
undoubted  instance  of  a  transition 


-ll*I»  Bower,  fhim 
— Peuiilo  Moirtt,  from 
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anthers  {a,  3).  Occasionally  reversion  to  the  hermaphrodite 
condition  takes  place,  and  then  in  the  hermaphrodite  flowers  the 
pistil  may  sometimes  he  seen  in  various  degrees  of  abortion.' 
The  pendulous  hell-shaped  flowers  have  a  pleasant  scent ;  in  spite 
of  their  inconspicuous  colour  they  are  easily  visible  at  a  distance, 
the  male  floTvers,  which  are  6  mm.  long,  being  much  more  so  than 
the  females  (3  mm.).  This  instance  confirms  Sprengel's  oft- 
repeated  rule  that  the  male  flowers  of  diclinic  plants  are  more 
conspicuous  than  the  female,  vbence  insects  are  likely  to  visit  the 
two  kinds  of  flowers  in  the  proper  sequence.  Honey  is  secreted 
and  lodged  in  the  base  of  the  corolla. 

Viailora  ;  Hjmenoptera — Apida  :  (1)  Apis  mellifica,  h.  <}  ,a.  and  c.p.,  very 
«b.  ;  (2)  OBmia  rufa,  L.  $,  b.  ;  (3)  Megachile  centuncularis,  L.  J,  h,  j  (4) 
Proaopia  annularis,  K.  (Sm.)  ?,  a. ;  (5)  HaliotuB  Beinotatus,  K,  ?,  cp.,  here 
and  there  looking  for  pollen  in  the  female  flowera  and  effecting  fertilisation 
QccaaoasWj. 

389.  CoNVALLARiA  HAJALIS,  L. — When  the  flower  opens,  and 
before  the  anthers  ripen,  the  stigma  is  already  covered  with  long 


pnpillie ;  yet  if  a  ripe  anther  be  passed  over  its  surface  scarcely 
any  pollen  adheres.  Afterwards,  when  the  anthers  have  dehisced, 
the  stigma  becomes  covered  with  a  sticky  fluid,  to  which  pollen 
adheres  readily.  I  have  not  found  honey  in  the  flowers,  though 
I  have  frequently  seen  hive-bees  visiting  them.  The  bees  collected 
pollen  hanging  to  the  pendulous  flowers  and  inserting  their  heails 
and  forelegs.  They  thus  brought  their  heads  in  conlflct  with 
the  stigma  before  the  anthers,  and  performed  cross-fertilisation 
regularly.  Then  as  the  bee  swept  the  pollen  from  tlie  antliers 
with  the  tarsal  brushes  of  its  forelegs,  it  dusted  its  head  anew 
<  Breitenbacb,  Bot.  Ztitung,  Nor.  11,  197S. 


insects,  aud  the  pendulous  position  of 
rain.  Hiimble-beea  visit  the  flowers ; 
the  wide  part  of  the  tube,  and  toui 
in  the  mouth  of  the  flower,  and  the 
taneously  with  it,  with  opposite  sidei 
They  thus  effect  cross- fertilisation  re 
bee  in  touching  one  side  of  the  i 
side  agajnst  the  anthers.  In  abse 
self- fertilisation  occurs. 

Visitors:  A.  nymenoptera— XpiWi?  ;  (I) 
(S)  B,  hfu^fum,  L,  5  (19—21),  a.,  hanging 

B.  Diptera—Sgrphiila:  (3)  Rliingia  roelrata 
at  the  mouth  of  tbe  same  flower,— Backing  in 
in  too  short  to  reach,  then  collecting  pollen  I 
tion  hf  stroking  the  atigmoi. 

Convallaria  verticillala,  L.,  is  adaj 

C.  polygfynatiim,  L,,  for  fertilisation  bj 
and  stigma  nre  inature<l  simultaneot 
least,  some  pollen  as  it  emero^es  fron 
the  stigma.  It  is  probable  thnt  it  is 
pollen  brouglit  from  other  flowers  (6o 

Aspidistra  elatior,  Blume. — Buch 
of  the  flower  thoroughly,  but  w 
mechanism  fully.  Delpino,  howev 
apparent  success,  to  explain  the  mec 
he  failed  to  find  it  visited  by  insects  [ 

The  capitate  atigma  closes  the  fl 
openings  through  which  Delpino  si 
the  pollen  falls  out  of  the  anthers 
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S(Adea  japoniea,  Kuntli. — This  plant  is,  according  to  Delpino, 
a  link  between  the  Asparagittete  and  the  Arrndtm.  It  poEseRses 
a  kind  of  Bpadtx,  on  which  the  flowers  are  arranged  in  a  close, 
uninterrupted  spiral.  The  fact  that  the  limb  of  the  perianth  is 
spread  out  exactly  on  a  level  with  the  points  of  the  anthers  and 
stigma  led  Delpino  to  think  that  fertilisation  was  effected  by  small 
animals  crawling  over  the  Sowers.  He  observed  snails  (Htlix 
aaperaa,  H.  vermicularis)  greedily  eating  the  perianth,  which  is 
yellow  and  fleshy;  after  devouring  about  ten  flowers  they  crawled 
to  another  spadix.  Only  those  flowers  on  which  the  snails  had 
crawled  proved  fertile ;  the  flowers  were  found  to  be  barren  to 
their  own  pollen.  These  observations  leave  no  doubt  that  snails 
are  really  efficient  fertilising  agents. 

Triioma  Uvaria  is  adapted  for  fertilisation  by  diurnal 
Lepidoptera  (228). 

Yucca. — According  to  Riley  (108)  the  species  of  Yucca  which 
are  provided  with  a  dehiscent  capsular  fruit,  and  the  moth  which 


'.  nntjnlntof  <Uto;  r*>  roHrn. 


eSects  their  cross-fertilisation  {Pronvha  yuccateVa,  Kilev)  st.-itid  in 
close  interdependence.  In  the  female  of  this  molh  tho  first  joint 
of  each  of  the  two  maxillary  palps  is  (rnnsforniod  into  n  ji^-n^ 
prehensile  organ,  which  can  be  rolled  up,  and  which  serves  to  ttis;e 
the  pollen  with.     After  the  female  has  bored  the  ovary  in  several 


inter,  and  spring ;  it  passes  into 

""days  before  the  Yuccas  begin  to  i 

when  they  do  so  (667 — 6;  i ,  Sec). 

Paradiiia  Liliaslrum,  Bertoloi 
nocturnal  Lepidoptera.  The  ho 
secreted,  as  in  Coovallaria,  by  th( 
ovary,  between  the  carpels.  The 
and  anthers  are  placed  as  in  lAlh 
mennm,  and  many  other  nocturnal 

Eremuras  speciiililis. — The  fio 
before  the  stigma  and  anthers  are : 
Weigelii,  Lantana,  and  many  othe 
the  gain  hereby  is  that  the  less  in 
attracted  away  to  the  more  consp 
treasure  for  them  (612). 

391.  Akthehiccm  hamosum,  ] 
open  widely,  exposing  their  hone 
lipped  insects  can  see  and  reach  it 
upper  part  of  the  ovary,  on  whicl 
pi.  Jtxiu.  fig.  8). 

On  the  Rehmberg  near  Miil 
opportunity  of  observing  this  ph 
natural  surroundings,  The  flow 
bees,  sucking  lioney  and  collecting 
they  first  touched  the  projecting  e 
causing  cross- fertilisation  reguIarV 
fly  {Merodon  (cneus,  Mgn.)  hovered 
numbers  than  the  honey-bee,  suet 
it  was  in  fact  the  principal  fertilisi 
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sat  upon  one  flower  while  sucking  another,  cross-fertilisation 
(owing  to  the  prominent  situation  of  the  stigma)  was  often  effected 
by  pollen  adhering  to  the  under  surface  of  their  bodies.  In  absence 
of  insects,  self  fertilisation  can  only  take  place  in  flowers  directed 
more  or  less  downwards. 

Visitors:  A.  Hymenoptera — Apidce:  (1)  Apis  mellifica,  L.  ^,b.  and  f.p. 
B.  Biptera — Syrphidce:  (2)  Merodonseneus,  Mgn.,  s.  andlp.  C.  Lepidoptera 
— RJiopalocera :  (3)  Papilio  Machaon,  L.,  s. ;  (4)  Melitssa  Athalia,  Esp.,  s. 
Visited  also  by  many  other  insects.    See  No.  590,  i. 

Anthericum  Liliago,  L. — The  flower  resembles  that  of  the 
former  species  (590,  i). 

392.  Allium  ursinum,  L. — When  the  flower  first  opens  the 
style  is  only  from  one-third  to  one-half  of  its  ultimate  length ; 
the  papillae  are  not  yet  developed  on  the  stigma,  and  the 
anthers  are  still  all  immature.  First  of  all  the  three  inner  anthers 
dehisce  at  slow  intervals,  one  after  the  other;  at  this  stage 
the  style  has  reached  three-quarters  or  more  of  its  full  length 
(4^  to  5  mm.).  Then  the  three  outer  anthers  dehisce  one  after 
another ;  the  style  has  now  reached  its  full  length  (6  mm.),  and 
the  papillae  on  the  stigma  become  developed.  The  flowers  are  thus 
imperfectly  proterandrous.  The  anthers  dehisce  introrsely,  and 
then  turn  that  side  which  is  covered  with  pollen  more  or  less 
upwards.  In  specimens  flowering  in  my  room  I  found  some  flowers 
in  which  the  style  was  so  bent  during  the  last  stage  that  the  stigma 
touched  one  of  the  anthers  which  still  retained  some  of  its  pollen. 
In  this  way  self-fertilisation  was  effected  to  a  limited  extent  when 
no  insect  visited  the  flower.  In  a  wood  at  Stromberg  Schloss- 
berg  on  the  16th  May,  1868,  I  saw  Bomhus  pratorum,  9,  flying 
quickly  from  flower  to  flower  o{A,  ursimim  ;  she  thrust  her  proboscis 
into  each  flower  in  search  of  honey,  and  after  scarcely  two  seconds 
hurried  on.  The  honey  is  secreted  by  the  ovary,  in  the  three 
notches  between  the  carpels^  and  fills  the  space  between  these 
notches  and  the  bases  of  the  three  inner  stamens.  Hence  the  bee 
when  sucking  must  touch  the  stigma  with  one  side  of  its  head  and 
the  anthers  with  the  opposite  side,  and,  in  old  flowers,  can  only 
lead  to  cross-fertilisation. 

393.  Allium  cepa,  L. — The  honey  in  this  species  is  placed  in 
the  same  position  as  in  the  preceding  one ;  the  anthers  and  stigma 
are  also  similarly  situated. 


i 


Aliium  Schomoprasum,  fi.  alpinu 
in  honej.  It  ia  much  visited  by  sr 
2,000  m.  above  the  sea-level  (665). 

Allium  roiundum,  L.,  la  adapted 
and  bees.  The  three  nectaries  ar 
bases  of  three  of  the  stamens;  the 
the  stamens  protrude  from  the  flowi 
the  bee  towards  the  honey  (590.  l). 

Allium  victoriaU,  L.,  is  markedl; 
displayed  ojienly,  and  the  yellowish 
ceedingly  couspicuous  on  their  tall 
flies,  bees,  and  Lepidoptera  {6og). 

Allium  sibiricitvi  has  proterandi 
figured  by  Axell  (17). 

The  flowers  of  Htmcrocallis  fv 
pollen  according  to  Sprengel  (p.  4S] 

Afu-scari  hotryoidts.  Mill.,  and  A 
by  bees  and  adapted  for  fertilisatior 

Scilla  maritima,  L.,  is  visited  by 

30+.     HtACINTHUS     ORIENTALIS, 

tube,  12  to  14  mm.  or  more  in  lengl 
and  recurved  teet.b.  In  its  lower  t 
style  and  tripartite  stigma ;  in  the  1 
which  dehisce  iotrorsely  and  ripen  a 
No  free  honey  is  secreted,  but  the 
and  succulent,  and  is  probably  bi 
visitors.  Wheu  an  insect's  prohoa 
touches  the  anthers  and  stiirmas  wit 
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tbree  glands  in  the  angles  of  the  ovary,  but  I  have  not  been  able 
to  detect  it  (cf.  W.  J.  Behrens,  No.  51). 

Visitore:  A.  Hymenoptera— iJjrirfir ;  (1)  Bombna  terrestriB,  L.  2;  (2)  An- 
thophoro  pilipei,  F.  $  ,J,  ab.  ;  (3)  Andrena  fulva,  Schrk.  $  ;  (4)  Osmia  mTa, 
L.  S ,  veiy  ab.,  all  sucking.  B.  Diptera — Syrphida :  (5)  Cheiloiia  sp.  sacking 
in  vain  forhoney.  C.  Coleoptera— JVititfuIu/tc .-  (6)  Meligethes,  on  the  anthers 
in  large  numbera,  apparently  feeding  on  the  pollen.    See  also  No.  590, 1. 

Lloydia  serotina,  Rchb, — This  plant  shows  an  advance  on  the 
foregoing  Liliacese  in  the  possession  of  special  nectaries,  consisting 
of  a  thick  ridge  at  the  base  and  in  the  middle  line  of  each  segment 
of  the  perianth.  The  flower  is  proterandrous,  but  the  stigma 
ripens  simultaneously  with  the  inner  whori  of  stamens ;  in  some 
cases  it  stands  on  a  level  with  their  anthers,  in  others  above  them, 
80  that  self-fertilisation  is  possible  or  not  respectively  (609). 


Lilium  Mariagon,  L.,  is  adapted  for  cross-fertilisation  bySphia- 
gid^e ;  Noctuidie  also  assist  in  the  work.  The  anthers  and  stigma 
ripen  simultaneously,  and  are  touched  by  the  feet  and  under  surface 
of  the  insect.  Self-fertilisation  also  occurs,  as  Sprengel  found.  The 
perfume  of  the  flower  begins  to  be  emitted  strongly  at  night 
(570,  S90,  1,  609). 

Lilium  Imlbiftrum,  L.,  is  adapted  for  fertilisation  by  diurnal 
Lepidoptera.  A  nectary  in  this  species  and  in  L.  Murlngon  is 
situated  in  the  middle  line  at  the  base  of  each  segment  of  tlio 
perianth  ;  but  it  is  not  a  ridge  merely,  as  in  Lloydia,  hut  a  deep 
groove,  whose  edges,  bordered  by  stifl*  hairs,  rise  up  and  arch  over 


■  t' 


— ".. 


-•*   * 


[,! 


PABT  III.]  THE  MECHANISMS  OF  FLOWERa  557 

Tofiddia  calyculata,  Wahlenb.,  is  proterogynous ;  T.  barealis, 
Wahlenb.,  is  homogamous.  The  flowers  in  both  species  are 
P^ellow,  and  the  visitors  are  chiefly,  but  not  exclusively,  flies  and 
beetles.  The  much  smaller  flowers  of  T,  borealis  are  less  visited 
khan  the  more  conspicuous  flowers  of  T,  calyculata,  but  the  former 
qpecies  makes  up  in  part  by  an  increased  secretion  of  honey.  Its 
flowers,  being  homogamous,  have  a  better  chance  of  self-fertilisation 
in  default  of  insect-visits  (609). 

Methonica  (Gloriosa)  mperha  has  a  pendulous  flower,  whose 
stamens  and  style  are  directed  horizontally  outwards,  and  serve, 
according  to  Delpino,  as  a  platform  for  insects  (172).  Hildebrand 
states  that  in  young  flowers  the  style  serves  as  an  alighting-place, 
labile  the  stamens  lie  deeper ;  and  that  in  older  flowers  the 
stamens  assume  this  function,  so  that  cross-fertilisation  of  young 
flowers  with  pollen  from  older  proceeds  regularly  (352). 

Paris  quadrifolia. — I  was  long  puzzled  to  discover  how  this 
flower  is  fertilised. 

The  stigmas  are  already  mature  when  the  flowers  open ;  the 
anthers  dehisce  several  days  later,  the  stigmas  still  remaining 
fresh.  The  pollen-grains  are  about  '04  mm.  long  by  016  mm. 
broad ;  they  remain  adhering  in  great  quantity  to  the  ripe 
anthers,  but  fly  off  on  the  slightest  touch  in  a  cloud  of  separate 
grains.  The  nature  of  the  pollen  and  the  complete  absence  of 
honey  and  of  a  coloured  perianth  point  to  the  flowers  as  being 
anemophilous.  The  stiff  filaments  and  the  long  connectives,  which 
are  produced  into  awn-like  prolongations,  do  not  support  this  view, 
unless  they  assist  the  transport  of  the  pollen  by  the  wind  when 
they  are  shaken  by  pollen-feeding  flies  alighting  on  them. 

I  wrote  the  above  in  1872,  and  I  did  not  discover  till  six  years 
later  that  the  flower  of  Paris  becomes  intelligible  in  all  its  parts 
when  one  looks  upon  it  as  adapted  for  Diptera ;  and  I  observed 
then  that  in  fact  it  is  visited  by  Diptera.  The  dark  purple  ovary, 
crowned  by  four  stigmas  of  the  same  colour,  glitters  as  if  it  were 
covered  with  moisture  ;  and  by  this  appearance  and  by  its  dis- 
agreeable smell  it  attracts  Scatojphaga  merdaria  and  other  carrion- 
feeding  Diptera.  These  visitors  often  alight  upon  the  stigma 
and  lick  the  ovary  with  their  labellse,  and  then  climbing  up  the 
anthers,  dust  the  soles  of  their  feet  or  the  whole  under-surface 
of  their  bodies  with  pollen.  So,  flying  away  to  other  flowers,  tlic^y 
accomplish  cross-fertilisation  (589). 

Veratmm  album,  L.,  is  proterandrous.     Some  plants  possess,  in 
addition  to  the  hermaphrodite  flowers,  male  flowers  also ;  others 


conclusions   may  be  drawD  from  ti 
just  been  described. 

The  Liliace:e  muBt  have  once  | 
devoid  of  honey,  visited  and  crcx 
insects  only.  They  attained,  after 
to  the  secretion  of  open,  freely  aco* 
by  the  segments  of  the  perianth, 
in  part  they  still  remain  honeyless, 
insects  which  collect  or  feed  on 
become  developed  into  deceptive  flowi 
loving  flies  (Paris).  Those  Liliaceie 
the  carpels  have  in  part  open  floi 
honey  (Tofieldia,  Anthericum) ;  bui 
adapted,  by  approximation  of  the  p< 
but  still  very  miscellaneous  lot  of  v 
special  long-proboaeiaed  form  {Par 
perianth-segments  into  a  longer  or  i 
in  general  {ConvaUaria  rertiriUala) 
long-probosciacd  bees  only  (C.  Po 
LiliaceaB  in  which  the  honey  is  set 
perianth  have  in  part  remained  ^ 
flowers,  destined  for  cross-fertilisat 
sects  (Diptera),  (Veratrnm,  Gagea,  I 
segments  have  become  approsimatt 
pendulous  bell,  fertilised  by  bees 
nectaries  have  become  modified 
which  are  only  accessible  to  Lepi 
in  this  last  genus  adaptation  has  pj 
to  Sphingidee  in  the  case  of  LUiuv 
(  adantatinnii  bnvr 
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unsymmetrical  curvature  of  the  reproductive  organs  especially  of 
the  style. 

The  colour  of  the  perianth  in  Liliaceae  must  originally  have 
been  greenish,  as  it  still  is  in  Paris,  while  the  flowers  at  first 
made  themselves  conspicuous  to  insects  by  the  colour  of  the 
reproductive  organs.  By  the  selective  agency  of  short-lipped 
insects,  those  flowers  which  had  freely-visible  honey,  and  then 
such  as  had  their  honey  partially  concealed,  developed  greenish- 
yellow  colours  (Veratrum),  yellow  (Tofieldia,  Gagea),  greenish- 
white  and  white  (Lloydia,  Anthericum),  and  their  perianth- 
segments  became  devoted  to  purposes  of  display.  It  was  only 
when  sand-wasps,  bees,  long-tongued  flies  and  Lepidoptera  began 
to  play  a  leading  part  as  the  fertilising  agents,  and  led  to  the 
development  of  flowers  that  were  no  longer  accessible  to  the 
great  host  of  short-lipped  visitors,  that  red,  violet,  and  blue 
colours  began  to  be  developed  through  the  higher  colour-sense  of 
these  insects.  In  the  genus  Allium,  for  instance,  the  species  with  more 
accessible  honey  (A,  ursinum,  A.  victoriale)  have  a  white  perianth ; 
those  with  less  accessible  honey,  which  are  visited  chiefly  by 
sand-wasps  and  bees,  and  also  by  Lepidoptera  and  long-proboscised 
flies  (e.g.  A.  rotundum),  have  the  perianth  red.  In  Liliacese, 
as  in  other  cases,  the  flowers  which  are  fertilised  by  bees  have  by 
far  the  greatest  variety  of  colour,  as  we  see  by  a  glance  at  Tulipa, 
Fritillaria,  Scilla,  Muscari,  Hyacinthus,  Asparagus,  and  Conval- 
laria.  The  colours  of  those  which  are  fertilised  by  Lepidoptera 
are  far  less  various.  Lilium  hulbifeinim,  which  is  fertilised  by 
diurnal  Lepidoptera,  is  clothed  in  fiery  red ;  Paradisia,  which  is 
adapted  for  nocturnal  species,  is  white;  L.  Martagon,  which 
only  became  modified  for  Sphingidse  supplementarily,  has  ex- 
changed its  bright  colours  for  dull  ones  since  it  ceased  to  be 
fertilised  by  diurnal  Lepidoptera  (609,  pp.  55,  56). 

Obd.  AMARYLLIDEjE. 

396.  Galanthus  nivalis,  All. — Sprengel  has  given  a  full, 
and  on  the  whole  accurate,  account  of  this  flower ;  he  was,  however, 
inaccurate  in  regard  to  the  structures  which  he  supposed  to 
shelter  the  honey,  and  his  account  is  incomplete  in  regard  to  the 
circumstances  which  favour  cross-fertilisation. 

The  green  parts  of  the  grooves  on  the  inner  surface  of  the 
inner  petals  secrete  and  lodge  the  honey,  which  is  sufficiently 
sheltered  from  rain  by  the  pendulous  position  of  the  flower.     As 


Sprengel  lias  correctly  stated,  the  six  anthers,  which  lie  close 
round  the  style,  dehisce  b^  apical  slits,  and  when  touched  permit 
a  little  pollen  to  fall  out ;  each  anther  sends  a  process  outwards 
towards  the  perianth,  but  this  is  not  at  all  a  contrivance  to  guard 
the  honey  from  rain,  but  a  very  important  arrangement  favouring 
►  cross-fertilisation.  For  when  an  insect  tries  to  reach  the  honey,  it 
I  cannot  avoid  touching  one  or  more  of  these  anther-processes,  and 
BO  causes  the  pollen  to  be  shaken  out  upon  its  head.  The  style 
projects  beyond  the  anthers,  and  the  insect  therefore  touches  the 
stigma  before  it  get*  dusted  with  the  pollen  of  the  flower.  In  case 
of  insect- vis  its,  cross- fertilisation  is  thus  ensured ;  but  in  absence 
of  insects  self-fertilisation  is  apt  to  take  place  by  pollen  falling  on 
the  stigma. 

The  hive-bee  visits  the  flowers  diligently  in  sunny  weather, 
as  Sprengel  observed,  alighting  on  one  of  the  outer  perianth- 
segments.  If  in  search  of  pollen,  it  thrusts  its  head,  forelegs,  and 
midlegs  into  the  flower,  clinging  by  means  of  its  hindlegs  to  the 
outer  surface  of  an  inner  perianth-segment.  With  the  tarsal 
brushes  of  its  fore  and  mid-legs  it  sweeps  pollen  from  the  anthers, 
And  places  it  in  the  baskets  ou  its  hindlegs.  If  it  wishes  to  suck 
honey,  it  usually  finds  it  more  convenient  to  use  its  fore  and  mid- 
legs  for  clinging  to  the  perianth.  In  either  case  the  bee's  head 
may  always  be  found  covered  plentifully  with  pollen. 

Narcissus  Tazdta. — Delpino  thinks  that  this  species  is  chiefly 
fertilised,  like  many  other  Amaryllidere,  by  nocturnal  or  crepuscular 
Lepidoptera,  However,  he  has  directly  observed  it  to  be  visited 
by  Anthophora  pilipea  (177,  p.  59). 

Crinum. — A  species  with  white,  sweet-scented  flowers,  about 
seven  inches  long,  is  believed  by  Delpino  to  be  fertilised  by 
butterflies  and  by  honey-sucking  birds  in  its  native  country,  and 
by  butterflies  in  Florence.  He  found  butterflies'  scales  upon  the 
stigma,  and  saw  good  seed  repeatedly  borne  by  the  flowers.  The 
essential  organs  are  exserted,  and  the  stigmatic  surface  is  not 
exposed  until  the  anthers  have  withered  (177,  p.  56). 

Fancralium  maritimum. — The  honey  is  very  deeply  situated, 
and  the  flower  seems  to  be  adapted  for  Sphinx  Convok-uli  by  which 
it  is  very  freiiuently  visited  (172,  p.  17;  352,  p.  794). 


k 


Oan.  TACCACEuE. 

Titcca  {Atiiccia)  cristata. — The  flower,  in  Delpino's  opinion,  has  a 
sinidar  mechanism  to  that  of  Aspuiittra  e/allor  (178,  360}. 
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Obd.  DIOSCOREACEjE. 

Dioscorca. — The  species  which  are  cultivated  in  South  Brazil 
and  propagated  there  asexually,  never,  with  one  exception,  produce 
flowers  (359). 

Obd.  PONTEDERIACEjE. 

Pontederia  is  remarkable  as  a  trimorphic  monocotylcilon.  My 
brother  Fritz  Mtiller  found  only  long-styled  and  short-styled 
individuals  of  an  apparently  trimorphic  species  of  Pontederia,  on 
the  banks  of  the  Itajahy-mirim  in  South  Brazil ;  while  another 
species,  P,  {Eiclimifiia)  crassipes,  which  has  been  introduced  as  an 
ornamental  plant  into  the  colony  of  Blumenau,  exists  there  in 
long-,  mid-,  and  short-styled  individuals  (556). 

Moiwchoria,  L ,  has  cleistogamic  flowers,  according   to   Kuhn 

(399). 

Obd.   COMMELINACE^. 

Weinmann  has  observed  subterranean  cleistogamic  flowers  in 
Caifimelina  hengalcnsis  (531). 

Tradescantia    erecta    produces    cleistogamic    flowers    in   Kew 

(330}. 

Obd.  JUNCACE.E. 

J  uncus  'and  Luzula  have  anemophilous  flowers  in  which  self- 
fertilisation  is  for  the  most  part  rendered  impossible  by  proterogyny. 
The  proterogynous  flowers  of  Luzula  pilosa  have  been  figured 
by  Hildebrand  (351,  fig.  4),  those  of  Ju7icus  Jiliformis  by  Axell 
(17,  p.  38).  So  far  as  their  proterogynous  condition  is  concerned, 
the  flowers  of  Luzula  cavipestris  agree  perfectly  with  those  of 
L.  piJosa, 

Ju)wu8  hufonius,  according  to  Batalin  (39),  is  exclusively  self- 
fertilised  in  Russia,  the  flowers,  which  are  triandrous,  remaining 
closed.  According  to  Ascherson  (10),  the  same  species  at  Halle  has 
ordinary  open,  lateral,  hexandrous  flowers,  in  addition  to  terminal 
cleistogamic,  triandrous  ones.  This  statement  is  confirmed  by 
Haussknecht,^  who  found  hybrids  between  J.  lufonius  and 
J,  spJuvrocarjms,  whose  flowers  always  expand  fully. 

Lnzula  lutca  and  Z.  nivca  attract  insects  by  their  conspicuous 

»  BoUtniHchc  Zcituntj,  p.  802,  1871. 
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colour;  the  former  shows  in  other  respects  also  remarkable 
approximations  to  the  condition  of  an  entomophilous  flower. 
Indeed,  if  the  pollen-grains  of  i.  ItUea,  instead  of  being  smooth  and 
powdery,  became  adhesive,  the  plant  might  be  supposed  to  have 
attained  the  rank  of  an  entomophilous  species  (609,  fig.  1). 

Ord.  PALMjE. 

Sdbal  Adaiiisoni  has  a  white  perianth  which  contains  honey ; 
it  is  proterogynous  and  is  fertilised  by  insects  [Halictus,  Polistes 
gallica).  Ckamoedorea  is  also  entomophilous ;  Cocos  and  Syagrus, 
on  the  other  hand,  are  anemophilous  (177,  p.  61). 

Ord.   AROIDEJS. 

397.  Arum  maculatum,  L. — The  arrangement  of  the  flowers 
in  this  species  agrees  so  completely  with  Delpino's  excellent 
account  oi  Arum  italimim,  (178,  360)  that  I  have  little  new  to  add. 
The  upper  part  of  the  spathe  (d,  1,  Fig.  185)  serves  as  a  wide, 
conspicuous  entrance,  guiding  small  Diptera  {Psychoda)  into  the 
lower  chamber  (c)  which  forms  a  temporary  prison.  The  insects 
creep  down  the  dark-red  spadi'x  (e)  or  sometimes  the  sides  of 
the  spathe  until  they  reach  the  upper  part  of  the  chamber  (at  the 
level  of  a,  6,  1,  Fig.  185).  At  this  point  several  rows  of  hairs 
(metamorphosed  stamens)  radiate  outwards,  pointing  slightly  down- 
wards, from  the  spadix,  and  form  a  palisade  which  does  not 
prevent  the  small  visitors  from  creeping  down  into  the  chamber 
(c),  but  afterwards  prevents  them  from  escaping  when  they  try 
to  fly  towards  the  light.  Even  when  they  try  to  escape  by 
crawling  up  the  spadix,  the  sharp  downturned  points  bar  their 
way. 

In  the  first  stage  of  flowering  the  stigmas  only,  which  are 
borne  by  the  base  of  the  spadix,  are  mature ;  a  foul  ammoniacal 
smell  attracts  the  Psychodae  into  the  prison,  where  they  cross- 
fertilise  the  stigmas  if  they  have  come  from  other  plants.  In  the 
second  stage  the  stigmatic  papillae  wither,  and  a  drop  of  honey 
appears  in  the  middle  of  each  stigma,  to  reward  the  little  visitors 
for  their  pains.  In  the  third  stage  the  anthers  dehisce,  and  the 
greater  part  of  their  pollen  falls  upon  the  floor  of  the  chamber; 
the  insects  dust  themselves  over  and  over  with  it,  and  finally, 
when  the  palisade  of  hairs  withers  in  the  fourth  period,  they  pass 
out,  and  enter  another  flower  in  its  first  stage. 
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Delpino  has  obsei*ved  Arum  italicum  to  be  fertilised  by  six 
different  flies,  of  the  genera  Ceratopogon,  Chironomics,  Sciara, 
Psychoda,  Limosina,  and  Drosophila  (178,  p.  243).  In  Arum 
Toaculatum  I  have  only  found  Psychoda,  but  it  occurs  almost 
constantly,  and  sometimes  by  hundreds  in  a  single  spathe.  I 
could  often  see,  on  looking  down  through  the  grating,  that  many 
of  the  prisoners  were  trying  to  fly  upwards  to  the  light,  and 
falling  backwards,  or  trying  to  crawl  out  and  being  repulsed  by 
the  sharp  points.     Whenever  I  broke  open  a  spathe  in  the  third 


FiQ.  liio.—Arum  viaculatum,  L. 

1.— The  whole  inflorescence,  x  |. 

2. — Transverse  section  at  the  level  of  ab  (1).  seen  from  almve,  on  a  somewhat  laiiger  scale. 

a6,  point  at  which  the  cage  e  is  closed  by  stifl'hoira,  radiating  trum  the  spadiz :  e,  cage  inclosing 
the  spadiz  with  its  reproductive  organs;  d,  attractive  portion  of  siiathe;  «,  barren  portion  of 
spadix,  serving  as  a  guide-post;/,  cross-section  of  s|>athe;  p»  ditto  of  spadiz;  h,  stamens  trans- 
formed into  stiff  filaments. 


stage  of  flowering,  I  always  found  a  multitude  of  inmates  groping 
about  in  the  thick  layer  of  pollen  on  the  floor  of  the  chamber. 
The  PsychodaB  which  I  collected  were  so  various  in  size  and  colour 
that  I  supposed  I  had  obtained  at  least  three  species ;  but  Hcrr 
Winnertz  of  Crefeld  tells  me  that  they  all  belong  to  the  wvy 
variable  species  Psychoda  phaJccnoules,  L.,  which  is  probably  tln^ 
Game  species  found  by  Delpino  in  A  nan  italiciim,  and  idtntitifd 
by  Rondani  as  Psychoda  nervosa,  Schr.^ 

*  According  to  Schiner,  P.tf/dicda  phdlamoidca^  L.,  is  identical  with  P.  nrrrora, 
Mgn.,  and  perhaps  also  with  Tipiila  nervosa,  Schrank. 

O   O    2 


I 


PART  III.]  THE  MECHANISMS  OF  FLOWERS.  565 

Peyritsch,  from  Central  Africa,  remain  with  their  inflorescence, 
which  consists  of  male  and  female  flowers,  and  is  inclosed  within 
a  spathe  (like  our  Arum),  beneath  the  gi-ound ;  the  tip  only  pro- 
trudes, and  by  it  the  fertilising  agents  creep  into  the  floral 
chamber.     A  similar  condition  exists  in  Biarum  and  Cryptocoryne 

(222). 

Calla  palustris,  L. — This  plant  exhibits  a  first  step  towards 
the  condition  of  things  which  is  perfected  in  Aru7n  maculatum. 
Its  disgusting  smell  protects  it  from  injurious  animals,  and  attracts 
carrion-loving  flies.  The  white  spathe  is  very  conspicuous,  and  the 
proterogynous  condition  is  very  distinctly  marked  (590,  I.).  Eug. 
Warming  (762)  attributes  a  share  in  the  work  of  fertilisation  to 
pond-snails. 

SymplomrptLS  fcetidus, — This  shows  an  intermediate  stage 
between  the  open  spathe  of  Calla  palustris  and  the  closed 
prison  of  Arum  maculatum  (728). 

In  Amhrosinia  Bassii  the  anthers  are  within  the  spathe,  the 
stigmas  outside,  at  the  end  of  the  spadix.  The  fertilising  agents 
(flies)  creep  down  the  spadix,  and  so  in  each  plant  come  in  contact 
with  the  stigmas  before  the  anthers  (178,  p.  230). 

Anthurium  Pothos  is  proterogynous  with  short-lived  stigmas, 
like  most  other  Aroideae  (177,  p.  62). 


Obd.  LEMNACEjE. 

Lemna  minor,  L.,  according  to  Ludwig,  is  adapted  for  fertilisation 
by  insects  which  live  upon  the  surface  of  the  water;  so  also, 
apparently,  are  Z.  trisulca,  L,  gibha,  and  Z.  polyrrhiza  (435). 


Ord.  ALTSMACE.E. 

398.  AnSMA  Plantago,  L. — The  three  white  or  reddish  petals 
are  yellow  at  the  base,  and  expand  to  form  a  disk  about  10  mm. 
in  diameter. 

The  chief  visitors  are  Syrphidse.  They  alight  sometimes  in 
the  middle  of  a  flower,  in  which  case  the  insect's  belly  comes  in 
contact  with  the  stigmas  and  immediately  afterwards  with  the 
anthers;  or  they  alight  on  one  of  the  petals  and  creep  towards  the 
pollen  or  honey,  in  which  case  various  parts  of  the  insect's  body 
come  in  contact  with  the  anthers,  and  sometimes  also  with  the 
stigmas. 
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Although  the  possibility  of  self-fertilisation  being  effected  by 

the  insect- visitors  is  by  do  means  excluded,  cross-fertilisation  is 
very  much  more  probable,  for  when  the  insect  alights  in  the 
middle  of  the  flower  cross-fertilisation  is  inevitable,  and  even  if  it 
alights  on  a  petal  cross-fertilisation  is  more  likely  to  occur  than 
self-fertilisation  owing  to  the  relative  position  of  the  anthers  and 
the  drops  of  honey. 


B,  honey-dropi;  t,  atigini. 


The  six  anthers  are  directed  obli<^uely  upwards  and  outwards, 
and  dehisce  extrorsely.  They  stand  at  a  considerable  distance 
from  the  stigmas,  which  project  in  the  middle  of  the  flower  anil 
ripen  simultaneously  with  them.  Honey  is  secreted  in  twelve 
drops  by  the  inner  surface  of  a  fleshy  ring  formed  by  the  coherent 
baiies  of  the  filaments  j  one  drop  is  placed  opposite  to  each 
filament,  and  one  in  the  interspace  between  each  pair  (a,  1,  2, 
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Fig.  186).  A  fly,  starting  from  a  petal,  usually  applies  its 
tongue  to  the  honey-drops  one  by  one,  and  after  each  it  strokes 
an  anther  with  its  labellae;  in  so  doing  it  may  bring  various 
parts  of  its  body  in  contact  with  the  anthers;  but,  as  a  rule, 
the  parts  which  come  in  contact  with  the  anthers  are  not  those 
which  come  in  contact  with  the  stigmas  in  the  same  flower. 

I  have  not  determined  whether  self-fertilisation  takes  place  in 
absence  of  insects. 

Visitors  :  Diptera — Syrphidce :  (1)  Eristalis  sepulcralis,  L.  ;  (2)  Syritta 
pipiens,  L.,  both  ab.  ;  (3)  Ascia  podagrica,  F.,  very  freq.  ;  (4)  Melanostoma 
niellma,  L.  ;  (5)  Melithreptus  scriptus,  L. ;  all  sometimes  sucking,  sometimes 
eating  pollen. 

Alisma  natans,  L. — In  floods,  the  flowers  remain  closed  below 
the  surface  of  the  water,  and  fertilise  themselves  (351). 


Ord.  NAIADACE.E. 

The  plants  of  this  order  are  anemophilous  or  hydrophilous. 

The  proterogynous  flowers  of  Triglochin  palustre,  L.,  have  been 
figured  by  Axel  I  (17). 

The  species  of  Potamogeton  are  distinctly  anemophilous.  The 
proterogynous  flowers  of  P.  perfoliatm,  L.,  have  been  figured  by 
Axell  (17,  p.  38). 

Fosidonia  is  supposed  by  Delpino  to  be  a  grass  adapted  for  a 
submerged  life  (178). 

Zostera  is  considered  by  Delpino  to  be  an  Aroid  modified  for  a 
submarine  existence  (178,  ii.).  The  mode  of  fertilisation  oi  Zostera 
marinay  L.,  is  described  by  Clavaud  (138)  and  Engler  (223). 


Ord.  CYPERACE^. 

The  plants  of  this  order  are  throughout  anemophilous,  but, 
like  the  grasses,  they  are  by  no  means  without  occasional  insect- 
visits.  I  have  very  often  seen  Melnnostoina  mellinay  L.,  busy  on 
the  anthers  of  Scirpits  pcUtcstris;  my  son  Hermann  has  seen 
several  specimens  of  the  hive-bee  collecting  pollen  on  Carex 
hirta,  L.,  and  I  have  watched  the  same  insect  doing  so  on 
Carex  moiUana,  L. 


J^. 


PART  IV. 

GENERAL  RETROSPECT. 

In  tills  section  I  propose  to  review  the  various  structural 
features  of  flowers  that  have  ahready  been  described  in  detail,  and 
to  trace  their  general  eflfect  on  the  life  of  the  plant.  If  we  cannot 
discover  the  causes,  we  may  determine  accurately  the  effects,  of  any 
modification  in  structure  of  a  flower. 

The  various  characters  of  entomophilous  flowers  which  affect 
the  life  of  the  plant  may  be  grouped  as  follows  : — 

1.  Characters  which  influence  the  visits  of  insects — 

a.  General  attractions  for  anthophilous  insects. 

a.  Colour  or  scent. 

/8.  Honey,  pollen,  shelter,  or  other  substantial  benefit. 

h.  Increased  attractions  for  certain  insects,  gained  by  the 
exclusion  of  others. 

a.  By  colour  or  scent. 

/8.  By  concealment  of  the  honey  or  pollen. 

7.  By  the  time  of  flowering  or  the  place  of  growth. 

2.  Characters  which  influence  fertilisation — 

a.  Mutual  adaptations  of  pollen  and  stigma. 
h.  The   insuring   of  cross-fertilisation  in  case   of  insect- 
visits,  and  of  self-fertilisation  in  absence  of  insects. 

1. — a.   CHARACTERS   INDUCING   INSECTS*    VISITS. 

a.  Effect  of  Conspicuotisness  and  of  Odour. 

In  the  third  section  of  this  book,  I  have  discussed  so  many 
cases  of  closely  allied  flowers  differing  in  conspicuousness,  and 
at  the  same  time  in  abundance  of  insect-visits  and  in  the  chap'^'^° 
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their  reach.  For  instance,  butterflies  may  be  seen  on  the  honey- 
less  flowers  of  Hypericum  'perforatum,  applying  their  tongues 
to  the  base  of  the  flower  without  either  finding  honey  or  piercing 
succulent  tissue ;  the  hive-bee  tries  in  vain  to  reach  the  honey 
of  Iris  Pseudaconis,  and  Rhingia  to  reach  the  honey  of  Dianthus 
deltoides  and  Lamium  maculatum.  Bombus  terrestris  tries  vainly 
to  reach  the  honey  of  Aquilegia  vulgaris,  Primula  elaiior,  Vida 
Faba,  etc.,  in  the  legitimate  way,  but  finally  bites  a  hole  and  steals 
the  honey ;  various  small  insects  (Meligethes,  Andrena  parvula, 
Spilogaster  semicinerea)  visit  the  flowers  of  Cypripedium,  but  find 
no  food  and,  being  unable  to  escape,  are  starved  to  death.  I 
think  I  have  given  enough  similar  instances  in  foregoing  pages 
to  prove  beyond  doubt  that  anthophilous  insects  are  not  guided 
by  hereditary  instinct  to  particular  flowers. 

Another  class  of  facts  shows  clearly  that  those  insects  whose 
bodily  organisation  is  least  adapted  for  a  floral  diet,  are  also  least 
ingenious  and  skilful  in  seeking  and  obtaining  their  food ;  so  that 
anthophilous  insects  intelligence  seems  to  advance  pari  pa^u 
with  structural  adaptation.  This  statement  is  fully  proved  by  the 
insect  lists  given  in  the  sequel.  The  following  examples  may  serve 
to  illustrate  the  point  at  present.  Cocdnella  septempunctata,  which 
is  not  adapted  at  all  for  a  floral  diet,  behaves  so  awkwardly  on 
flowers  of  Erodium  cicuiarium  that  it  generally  loses  its  hold  and 
often  falls  to  the  ground ;  and  many  attempts  fail  to  make  it  more 
skilful.  Sarcophaga  camaria  seeks  honey  diligently  on  flowers  of 
Polygonum  Bistorta,  but  it  usually  misses  its  aim  in  trying  to  in- 
sert its  proboscis  into  the  flowers ;  Andrena  albicans  at  first  is 
equally  awkward,  but  gradually  becomes  more  skilful  and  learns 
to  insert  its  proboscis  with  greater  accuracy.  The  hive-bee  never 
fails  in  any  case  to  insert  its  proboscis  accui-ately. 

Since  we  have  found  that  structural  adaptation  and  intelligence 
advance  together,  it  is  easy  to  understand  the  fact  that  short- 
lipped  insects,  little  or  not  at  all  specialised  for  a  floral  diet,  can 
usually  only  find  fully  exposed  honey,  such  as  Listera,  Pamnssia, 
Cornvs,  and  Umbelliferse  afford ;  honey  still  easily  accessible  but 
not  directly  visible  to  them  is  passed  by.  It  is  also  quite  in- 
telligible that  the  more  specialised  visitors  visit  those  flowers  most 
diligently  which  supply  them  with  most  booty ;  for  instanco,  btes 
furnished  with  abdominal  collecting- brushes  visit  chiefly  flowers 
fitted  to  apply  pollen  to  their  ventral  surfaces ;  long-tongued  bees 
visit  chiefly  flowers  with  deep  honey-receptacles,  whose  honey  is 
inaccessible  to  the  great  mass  of  insects ;  and  hawk-moths,  w  Inch 
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surpass  all  otlier  insects  in  lengtli  of  tongue,  visit  flowers  whose 
Luney  is  accessible  to  them  alone. 

We  find  that  the  above-raeutionGd  insects  often  resiirt,  to  a 
certain  Bmall  extent,  to  flowera  less  productive  than  those  that 
they  usually  frequent.  It  is  rare  for  a  plant  which  produces 
numerous  flowers  and  much  honey  or  pollen  to  continue  so 
abundant  for  the  whole  period  that  an  insect  is  on  the  wing  that 
that  insect  can  confine  its  visits  to  it  alone.  In  such  cases  it  is 
probnble  that  the  acquired  habit  is  transmitted  instinctively  &om 
one  generation  to  another. 

The  study  of  particular  species  of  insects  confirms  the  con- 
clusion baaed  on  observation  of  the  more  conspicuous  flowers, 
that  in  general  anthophilous  insects  are  not  confined  by  hereditary 
instinct  to  certain  flowers,  but  fly  about  seeking  their  food  on 
whatever  flowers  they  can  find  it.  And  hence  the  circumstance, 
already  insisted  on,  that  a  flower  receives  the  more  visits  the  more 
conspicuous  it  is,  becomes  readily  intelligible.  It  is  also  clear  how 
natural  selection  must  have  seized  upon  and  perpetuated  all 
characters  tending  to  greater  conspicuousness.  And  thus  we  may 
explain  all  such  phenomena  as  the  development  of  various  colours 
in  flowers,  the  enlargement  and  increased  prominence  of  the 
coloured  surfaces,  the  association  of  many  flowers  together,  the 
division  of  labour  in  such  associations  between  reproductive  and 
merely  attractive  members  of  the  community,  the  appearance  of 
the  flowers  before  the  leaves  in  Siilix,  Gornus  tiiasnil-a,  etc.,  and 
many  other  similar  phenomena. 

Effect  of  Oihur. 
The  eflect  of  various  perfumes  in  attracting  insects  is  as  manifest 
as  the  effect  of  conspicuousness ;  and  observation  shows  that  strong 
scent  is  an  even  more  powerful  lure  than  bright  colours.  The 
richly  scented  flowers  of  Convuli-ul ns  arvenms  are  far  more 
abundantly  visited  than  the  larger  and  more  conspicuous  but 
scentless  flowers  of  C.  sepium ;  the  sweet-scented  Violet  is  much 
more  visited  than  the  large,  brightly  coloured,  but  scentless 
Pansy;  the  small,  insignificant,  but  strongly  perfumed  flowers  of 
Zfpidivm  salivum  surpass  in  the  abundance  of  their  visitors  the 
other  more  conspicuous  but  scentless  Cmcifers. 

^.—The  Effect  of  Food  Supply. 
Every  plant  supplies  in  its  pollen  a  nitrogenous  food  which  is 
made  use  of  by  many  insects,  and  when  once  found  leads 
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to  repeated  visits.    HoncG  even  well-marked  anetnopbilous  flowers 
are  often  visited  by  insects.' 

This  fact  is  of  speciiil  importance  in  explaining  the  origin  of 
entomopliilous  flowers.  For  the  fact  that  the  lowest  and  most 
primitive  Phanerogams  are  anemophilous  forces  ua  to  suppose 
that  all  entomophiious  plants  have  sprung  originally  from  anemo- 
philous ;  that  the  first  adaptations  to  insect-visits  were  attained  in 
tlowers  adapted  for  wind-fertilisation ;  and  that  wind -fertilised 
flowers,  then  as  now,  received  visits  from  insects.  In  comparatively 
few  entomophiious  flowers  is  the  amount  of  pollen  required  by  the 
plant  itself  the  sole  attraction  for  insects.  The  great  majority 
either  produce  a  large  excess  of  pollen  or  else  secrete  honey.  The 
fact  that  many  plants  ^  secrete  honey  even  outside  their  flowers, 
in  which  case  it  does  not  influence  fertilisation, renders  it  probable 
that  the  mere  excretion  of  honey  is  beneficial,  and  may  have  begun 
before  all  adaptations  to  insect- visits.  Whether  the  excretion 
of  honey  began  before  or  after  the  first  adaptations  to  insect- 
visits,  honey  is  now  the  most  powerful  attraction  for  insects.  If 
we  compare  the  insect- visits  of  Genista  and  Lotus,  of  Helianihcmum 
vuU/are  and  Hanuiwidiis  ncvis,  Ji.  irjinis,  or  R.  iulbosim,  of  Spiraa 
Jilipendula  or  S.  Uhnaria  with  S.  aalicifolia,  S.  ulmifolia,  or 
S.  sorbi/olia,  we  perceive  how  much  more  abundant  visits  (cetterU 
parous)  a  flower  which  contains  hoDey  receives  than  a  similar 
flower  which  does  not,  and  how  much  more  various  are  the 
insect-visitors  if  the  honey  is  easily  accessible. 

A  third  food  material  which  leads  insects  to  repeated  visits 
is  sap  included  within  succulent  tissues.  Darwin's  observations 
and  my  own  have  shown  beyond  the  possibility  of  doubt  that  the 
inner  membrane  of  the  spur  of  our  native  Orchises  is  pierced  by 
insect-visitors.  I  have  shown  that  the  same  is  probably  true 
of  Cytism  laburnum,  and  Erylhroea  Cmtaurium.  The  circum- 
stance that  many  flies  (Empidm,  Cwiopulw,  Bombylidoe),  aa  well  aa 
the  more  specialised  bees  and  Lepidoptera,  are  provided  with  a 
boring  apparatus  at  the  tip  of  their  proboscides,  indicates  that 
this  boring  for  sap  is  much  more  usual  among  insects  than  was 
formerly  supposed.  From  the  comparatively  few  visits  which  our 
Orchises  receive  it  would  appear  that  sap  included  within  a  ti.fsue 
is  less  attractive  to  insects  than  free  honey. 

Anthers,  filaments,  petals,  carpels,  in  short  all  the  more  delicate 

'  See  Poleriuni,  p.  236 ;  Artevwia,  ^.  WS  v  Cupiil'/"™.  P-  523  ;  Cyftracro', 
Gmmintft,  p.  567. 

Cf.  Vandiva  \nA  EpidendHtiv,  p.  538. 


flowers,  even  though  they  are  sceDtless  and  offerno  lioney,  or  none 
that  is  accessible  (Raniinetihis,  Udimdhemuni,  Papaeer,  Oenisia), 
attract  beetlea  in  imnibera.  The  only  apparent  explanation  of 
these  facts  is  that  beetles  are  only  or  mainly  attracted  to  flowers 
by  bright  colours.  If  this  explanation  is  correct,  dull-yellow  must 
be  an  advantageous  colour  for  plants  with  freely  exposed  honey, 
protecting  them  from  these  injurious  guests.  And  the  fact  that 
dull-yellow  colours  only  occur  in  flowers  with  exposed  honey  lends 
support  to  this  view. 

Delpino  goes  much  further  in  regard  to  the  exclusion  of  insect- 
visitors  by  colour,  for  he  supposes  that  dull-yellow  and  purple* 
spotted  flowers  are  visited  only  by  Diptera.  But  my  lists  show 
that  almost  all  the  dull-yellow  flowers  mentioned  above  are  visited 
by  Hymenoptera,  sometimes  in  great  abundance  and  variety.  I 
have  only  investigated  two  purple -spot  ted  flowers,  namely, 
Cypripediuin  Calceolits,  whose  staininode  is  speckled  with  purple, 
and  Lycopits  airopmus,  whose  lower  lip  bears  reddish -purple 
spots;  but  both  of  these  are  visited  chiefly  by  insects  of  other 
orders. 

Indirect  limitation  of  insect-visitors  by  colour  is  instanced  in 
several  other  cases;  but  such  limitation  ta  of  very  subsidiary  im- 
portance, since  it  ia  always  combined  with  other  more  powerful 
restrictions.  Several  bright  and  pretty  flowers,  e.g.  the  species  of 
DiaTilhua,  attract  butterflies  iu  great  numbers;  even  if  the 
honey  was  accessible  to  other  insects  their  visits  would  be  greatly 
reduced  by  the  fact  of  the  honey  being  in  great  part  used  up 
by  the  butterflies ;  but  in  these  cases  the  honey  is  placed  at 
the  bottom  of  a  tube  so  narrow  that  it  is  only  accessible  to  the 
proboscis  of  a  butterfly. 

Many  light-coloured  flowers,  which  often  grow  in  shady  places, 
are  inconspicuous  by  day  but  conspicuous  by  night  (e.ff.  Platan- 
ikera).  These  are  chiefly  visited  by  crepuscular  Lepidoptera,  but 
insects  are  excluded  not  so  much  by  the  colour  as  by  the 
situation  of  the  honey  at  the  base  of  long,  uarrow  tubes. 

Limitation  of  insect-visits  by  peculiar  odour  is  probably  a  more 
common  phenomenon ;  but  our  present  knowledge  is  not  suffi- 
cient to  ailmit  of  perfectly  definite  conclusions.  It  is  obvious  that 
flowers  with  a  putrid  odour  are  mainly  fitted  to  attract  canion- 
flies  and  meat-flies,  but  how  far  their  odour  repels  other  insects 
has  not  yet  been  decided  by  observation.  None  of  our  native 
flowers  possess  odours  of  this  kind.  Tn  like  manner  it  is  scarcely 
possible  to   doubt  that   the    foul   amniouiacal  smell  of  Arum  is 
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exaerted  reproductive  organs 
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In  the  account  that  I  ht 
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tji  thp  Ttlant.  PVPn  bpf^m  m.o.^ 


PABT  IT.]  GENERAL  RETROSPECT.  579 

flowers,  that  it  became  possible  for  long-proboscised  varieties  of 
entomophilous  insects  to  vanquish  their  short-lipped  relatives  in 
the  struggle  for  existe»ce.  This  tendency  of  natural  selection 
must  have  taken  effect  the  more  certainly,  in  each  class  of  insects, 
the  more  the  insects  were  dependent  on  a  floral  diet. 

To  give  a  clear  view  of  the  effect  of  simple  concealment  of  the  honey  in 
flowers  with  exposed  anthers,  I  have  tabulated  the  visitors  of  certain  groups  of 
flowers  in  which  the  honey  is  fully  exposed,  others  in  which  it  is  more  deeply 
situated  but  still  visible,  and  others  again,  in  which  it  is  quite  concealed.  The 
following  is  a  summary  of  the  result : — 

(a)  On  the  twenty-five  Umbellifei»  treated  in  detail  in  Part  III.,  whose 
flowers  contain  honey  freely  exposed  in  a  smooth,  adherent  layer,  I  have 
observed  757  distinct  insect-visits ;  that  is  to  say,  an  average  of  30  to  each 
species. 

(b)  On  thirty-eight  species  of  flowers  whose  honey  is  still  visible,  but  is 
placed  more  or  less  deeply  at  the  base  of  a  regular  flower,  and  accumulates  in 
somewhat  greater  quantity  {Cruciferce^  Nos.  27 — 41  ;  Polygonum^  Nos.  369 — 
374;  Alsinece,  Nos.  60-67;  Rosacea,  Nos.  128,  133,  136,  150-153),  I 
have  observed  582  distinct  insect- visits,  or  on  an  average  15  to  16  to  each 
species. 

(c)  On  twenty-seven  species  of  flowers  whose  honey  is  not  directly  visible 
but  is  yet  accessible  to  the  most  short-lipped  insects  (Geraniaceay  Nob.  76 — 83  ; 
{MalvQy  Nos.  69—72  ;  Epilobium,  No.  166 ;  Campanula,  Nos.  277—282  ; 
Jasiane,  No.  283 ;  Ranunculus,  Nos.  6 — 10)  I  have  observed  384  distinct 
insect-visits,  or  an  average  of  13  to  14  to  each  species. 

If  we  classify  these  visits  according  to  the  classes  to  which  the  insects  belong, 
and  subdivide  these  classes,  when  necessary,  according  to  the  lengths  of  the 
insects'  proboscides,  we  find  the  following  number  per  thousand  visits,  for  each 
of  the  above-mentioned  group  of  flowers  : — 

(1)  Orthopteray  Neuroptera,  and  Hemiplera  :  (a)  12 ;  (b)  3  ;  (c)  3. 

(2)  Coleoptera :  (a)  84 ;  (b)  168  ;  (c)  76. 

(3)  Long-tongued  Diptera :  (a)  84 ;  (b)  167  ;  (c)  78. 

Bombylius,  Empis,  and  Conopida :      (o)  15  ;  (/>)     40  ;  (c)  26. 

Eristalxs,  Helophilus,  and  Volucella :  (o)  69  ;  (6)  105  ;  (c)  36. 

Rhingia :                                                  (a)  0  ;  (b)     22  ;  (c)  16. 

(4)  Short-tongued  Diptera  :  (a)  289  ;  (b)  250 ;  (c)  180. 

(5)  ApidiE :  (a)  127  ;  (6)  292  ;  (c)  524. 

Prosopis  :  (a)  25  ;  (b)    14  ;  (o)    42. 

Sphecodes,  Anffrena, and  Halicius :  (ft)  86;  (6)  175;  (c)  250. 
Other  bees  with  moderately  long  tongues  :  (a)  15  ;  (h)  70  ;  (c)  180. 

Bornbus  and  An tho2)hora:  (a)     1;  {h)  33;  {<•)     ^^2. 

(6)  Other  Hymenoj)fera  :  (a)  332;  (b)  G9 ;  (r)  91. 

(7)  Lepidopiera :  (a)  8  ;  (b)  41  ;  (c)  44. 

(8)  Thnps :  {a)  0  ;  (b)  10  ;  (c)  5. 

However  imperfect  my  lists  may  be,  and  however  small  the  value  that  wo 
can  give  to  particular  numbers,  this  table  shows  clearly  that  with  increased 
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concealniMit  of  the  lioncy  ihe  number  of  sliorHipped  visitors  diminlBbM  ud 
the  Qumber  of  long-toQi^iiei]  visitors  increases  ;  and  that,  ia  tLe  ead,  bew  br 
outuutuber  beetles,  wusps,  and  short-lipped  fli<;s. 

The  tubes  in  wbicli  various  flowers  conceal  their  honey  varv  in 
length  between  very  wide  limits — from  scarcely  1  mm.  to  about 
30  mm.  in  our  native  flowers.  In  the  shortest  forms,  e.g.  species  of 
Veronica,  the  tube  with  its  interior  circle  of  hairs  acts  just  like 
the  structurea  which  shelter  the  honey  in  Malra  and  Geranium, 
The  further  increase  of  length  in  such  tubes  depends  entirelf 
upon  the  advantage  to  the  flower  of  excluding  certain  groun 
of  insects  in  order  to  induce  more  diligent  visits  oa  the  part 
of  others. 

If  increase  io  length  of  the  proboscis  proceeded /»an'  jwissw  with 
increased  need  of  food  and  increased  diligence,  and  therefore  also 
with  increased  usefulness  in  the  work  of  fertilisation,  the  various 
adaptations  connected  with  it  would  be  comparatively  easy  to 
understand.  But  this  is  by  no  means  the  case.  The  entomophilous 
insects  wliich  require  most  food  and  are  most  diligent,  and  there- 
fore the  most  efficient  fertilisers,  are  unquestionably  the  Bees, 
since  they  feed  not  only  themselves  but  their  young  solely  on 
substances  derived  from  flowers ;  but  the  circumstance  that  they 
have  to  use  their  mouth-parts  to  build  the  cells  for  their  youi^ 
has  set  definite  limits  to  the  adaptation  of  these  parts  for  obtaining 
deeply  placed  honey,  while  such  Umits  do  not  exist  for  Lepidoptera. 
Accordingly,  though  bees  have  far  surpassed  flies  in  the  length 
of  their  tongue  (our  longest-tongued  Diptera,  Bombylhia  jujd 
Ehingia,  have  proboscides  10  to  12  mm.  long,  while  AyUh^iJwn 
pilipes  and  Bombvs  hortoriim  have  proboscides  over  20  mm.  long), 
they  are  far  outstripped  by  many  Lepidoptera  {Spki?ix  ligvttTX, 
37  to  42  mm,,  S.  ConvolintH,  65  to  80  mm.). 

Though,  owing  to  the  special  diligence  of  bees,  most  tabuUr 
flowers  have  elongated  their  tubes  so  as  to  exclude  the  more 
short-lipped  insects  and  to  admit  a  wider  or  narrower  circle  <rf 
the  more  specialised  bees,  and  though  many  of  these  flowen 
are  shown  by  other  structural  adaptations  to  be  specially  fitted 
for  bees,  yet  butterflies  have  access  to  the  honey  of  all  thesE 
flowers,  and  sometimes  act  as  subsidiary  fertilising  agents  though 
often  they  are  quite  useless  to  the  plant. 

MoBt  of  our  native  flowers  with  hidden  honey  have  at  the  same  time  theit 
pollen  more  or  less  deeplj  situated,  or  else  difler  in  other  important  relatinn*, , 
and  ore  therefore  not  fitted  to  show  clearly  the  effect  of  increas.ii 
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of  the  honey.  The  Composittp,  however,  funiiBh  several  series  of  forms  well 
fitted  to  demonstrate  this  point  Omitting  some  aberrant  forms,  the  honey  is 
on  the  whole  least  deeply  situated  in  the  Senecionida^  more  deeply  placed  in  the 
Cichoriacecey  and  most  deeply  in  the  Oynarece,  On  (o)  ten  Senecivtiidas  (Nos. 
216,  222,  224,  226,  227,  228,  232,  233,  236,  237),  I  have  observed  335  different 
insect-visits,  or  an  average  of  33*6  to  each  species  ;  on  (b)  fifteen  Qchoriacea: 
(Nos.  259,  261—273,  275),  356  distinct  visits,  or  an  average  of  23  to  24  ; 
and  on  (c)  ten  Cynarea  (Nos.  240,  241,  244,  245,  249,  252,  254,  256,  257,  258), 
189,  or  an  average  of  18  to  19.  The  following  table  is  similar  to  the  preceding 
one,  and  shows  the  proportionate  number  of  visits  paid  by  each  group  of 
insects,  reckoning  the  total  number  of  visits  observed  at  1,000. 

(1)  Specially  long-tongued  bees,  Bombus  &Jid  Anthophora  :  (a)  15  ;  (b)  48 ; 
(c)  211. 

(2)  Bees  with  abdominal  collecting-brushes  (and  long  proboscides)  :  (a)  27  ; 

(b)  48 ;  (c)  131. 

(3)  Other  bees  with  long  or  moderately  long  proboscides  :  (a)  42  ;  (b)  126  ; 

(c)  85. 

(4)  Sphecodes,  Amlrena^  and  Halicius  (proboscides  moderately  long)  :  (a) 
167  ;  {b)  399 ;  (c)  196. 

(5)  Prosopis  and  Colletes  (short-tongued)  :  (a)  80  ;  (b)  8  ;  (c)  5. 

(6)  Other  Hymenopiera  (mostly  short-lipped) :  (a)  137  ;  ib)  17  ;  (c)  35. 

(7)  Long-tongued,  purely  suctorial  Diptera  {Bombyliug,  Evipi»y  Conopida)  ; 
(a)  42  ;  (b)  42 ;  (c)  35. 

(8)  Rhingia :  (a)  3  ;  (6)  3 ;   (c)   10. 

(9)  Syrphida  with  shorter  tongues  than  Rhingia  (EriitaliSy  EelophxluSy 
Volucella)  :  (a)  92  ;  (6)  84  ;  (c)  55. 

(10)  Short-tongued  Z)f>>tera .-  (o)  242;  (6)  121;  (c)  10. 

(11)  Lepidopiera:  (a)  80;  (b)  67;  (c)  171. 

(12)  Coleoptera:  (a)  116;  {b)  34;  (c)  45. 

(13)  Hemiptera  BJid  Panorpa :  (a)  9  ;  (6)  3  ;  10. 

This  table  proves  clearly  that  in  Compositae  as  the  honey  becomes  more 
deeply  placed  the  visits  of  the  more  highly  specialised  bees  increase,  while,  in 
spite  of  the  exposed  situation  of  the  pollen,  the  visits  of  flies  fall  off.  This  is 
true  of  the  number  of  species  of  visitors  ;  but  if  it  were  possible  to  record  the 
number  of  visits  paid  by  each  species,  the  preponderating  influence  of  bees 
would  be  still  more  apparent.  From  these  first  stages  in  elongation  of  tlie 
corolla-tube  and  increase  of  bees*  visits  by  exclusion  of  short-lipped  insects,  we 
pass  by  the  most  gradual  steps  to  the  exceedingly  long  tubes  whose  honey  is 
monopolised  by  a  smaller  and  smaller  number  of  bees.  At  the  top  of  the 
series  stand  flowers  whose  tubes  are  16  to  20  mm.  long,  and  whose  honey  is  only 
accessible  to  a  few  species  ot  Bombus  and  Anthophora  {A  qui  I  eg  m,  Delihiniuin, 
Pedicularis,  Lamium  maculatuniy  etc). 

It  would  not  be  possible  without  many  more  observntionB  to  cla?isify  our 
flowers  in  a  long  series  of  groups,  each  one  restricted  to  a  smaller  circle  of  Ixm  s. 
The  length  of  the  tube  is  not  of  itself  a  measure  of  the  proboscis  neccssiii  v  to 
reach  the  honey  ;  for  often  the  mouth  of  the  flower  is  widened  to  admit  llie 
insect's  head  or  even  part  of  its  body,  and  further  the  honey  often  accimuilatcs 
to  a  considerable  depth  in  the  tube.  Such  conditions  are  illustrated  in  many 
Sil^nea,  Boraginta^  Scrophulariaceo'y  Ericacece,  etc. 
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rather  more  numerous  bees  can  do  ao,  Tlie  ijollen  is  most  com- 
pletely protected  in  those  flowers  whose  stamens  are  completely 
shut  up  within  the  corolla  [Fumariacta:,  Papilionacece,  Ehinanthiu, 
Melampyriim,  Pediciilaria,  Salma),  or  whose  pollen  is  united  in 
masses  and  enclosed  in  pouches  (AselepiadeX;  OrcJiidea:).  These 
plants  are  no  longer  able  to  have  their  pollen  transported  by 
miscellaneous  insects,  but  they  have  developed  adaptations  of  the 
most  perfect  kind  for  cross- fertilisation  by  certain  special  insects. 

The  mechanism  is  so  perfect  and  so  effectual  in  these  flowers 
that  cross-fertilisation  is  thoroughly  insured,  though  some  of  them 
offer  only  poUon  to  their  visitors  {Genista,  Sarothamnus),  otbera 
pollen  and  sap  {Cytistis),  others  sap  only  (Orchis). 

The  contrivances  that  we  have  just  reviewed  give  to  two 
divisions  of  anthophilous  insects  exclusive  or  almost  exclusiva 
ticcess  to  the  food  materials  contained  in  certain  Bowers  ;  namely, 
in  most  cases  to  bees,  which,  however,  must  usually  share  their 
honey  with  the  Lepidoptera ;  and  in  relatively  few  cases  to 
Lepidoptera,  when,  if  the  pollen  lies  exposed,  flies  may  devour 
it  and  bees  collect  it,  playing  a  subsidiary  part  in  the  work  of 
fertilisation.  But  certain  small  Uiptera  which  resort  to  small  dark 
cavities  have  a  much  more  complete  monopoly  of  those  flowere 
which  furoish  them  with  such  temporary  abodes,  and  which  have 
become  adapted  for  cross-fertilisation  by  them  {Aristoitxhin 
Cleiaatitis,  Ariiin,  Tnaciitatum) ;  for  the  narrow  entrance  usually 
excludes  all  other  insects. 

Limitalion  of  Insect-visiis  by  Time  of  Flmcfring  and  ht/  Phia 
of  Groioth. 
It  is  obvious  that  every  species  of  flower  can  only  be  visited  and 
fertilised  by  those  insects  which  occur  at  the  time  when  the  plant 
is  in  flower,  and  in  the  stations  where  it  grows.  The  insect- 
visitors  of  a  plant  are  therefore  limited  by  the  season  and  by  the 
time  of  day  when  it  flowers,  by  its  geographical  distribution,  and 
by  the  nature  of  its  habitat. 

We  may  assume,  furthermore,  with  Delpino  (175  a),  that  the 
geographical  range  of  many  flowers  finds  its  limit  where  insects 
suitable  for  their  fertilisation  begin  to  fail.  But  the  particular 
cases  which  Delpino  adduces  to  support  this  view  are,  in  part, 
based  on  insufficient  observations.'     Our  stock  of  observations  a 
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of  Cetonvr  and  'JlaphyridiB  (175; 
Mtiototit  are  eioluaiTtly  fprtiliaed  by  btes  (p.  19). 
usamptions. 


My  lists  contrsdict  both  of  these 
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of  visitors,  expose  their  pollen  (but  in  that  case  their  stigmas  also) 
to  short-lipped  insects,  which  then  act  as  subsidiary  fertilising 
agents  (cf.  Compositor,  Silenece,  jSsciUus,  £chium,  (Enothera,  Zonicera, 
etc.).  And  all  flowers  with  hidden  anthers  have  only  been  able  to 
shelter  their  pollen  from  rain  in  so  far  as  they  have  developed 
other  adaptations  for  particular  visitors,  which  compensate  for  the 
less  general  access  of  pollen-carrying  insects.  For  this  reason, 
flowers  with  hidden  pollen  afford  us  the  most  conspicuous  ex- 
amples of  adaptation  in  foim  and  in  dimensions  to  a  more  or 
less  narrow  circle  of  visitors  (cf.  OrcJiidecR,  Iris,  PapilionaceoR,  some 
Boraginece,  Labiates,  ScrophvIariacecB,  Apocyneco,  Ericacete,  etc.). 
These  adaptations  are  always  directly  concerned  in  insuring  self- 
fertilisation,  and  therefore  fall  to  be  considered  in  a  future  section. 
But  the  more  perfectly  flowers  are  adapted  for  cross-fertilisation 
by  particular  insects,  the  more  unlikely  does  it  become  that  other 
insects  visiting  the  flowers  will  effect  cross-fertilisation,  and  the  more 
will  such  visits  of  other  insects  be  useless  or  injurious  to  the  plant. 
So  concealment  of  the  pollen  is  useful  (to  a  subsidiary  degree)  in 
limiting  insect-visits,  and  this  effect  has  now  to  be  considered. 

Concealment  of  the  pollen  in  a  cone  of  apposed  anthers 
(Viola,  Borago,  Symphytum)  hinders  it  from  being  devoured  by 
flies  and  beetles,  and  renders  it  more  difficult  for  bees  to  collect  it ; 
while  honey-seeking  bees  cannot  reach  the  honey  without  causing 
the  cone  to  open  and  shed  its  pollen  on  them. 

Concealment  of  the  anthers  within  open  tubes  {Myosotis,  Vinca, 
Syringa,  etc.)  renders  it  more  difficult  for  beetles  to  devour  the 
pollen,  and  for  bees  to  collect  it ;  but  if  the  tube  is  wide  enough 
(Syringa),  the  more  highly  developed  proboscides  of  certain  Syrphidce 
can  enter  and  obtain  the  pollen,  while  narrower  tubes  (Myosotis, 
Vinca)  prevent  all  Diptera  from  feeding  on  the  pollen,  and  only 
permit  their  visitors  to  obtain  honey.  When  the  tube  containing 
the  stamens  is  closed  {Anchvsa,  Linaria,  Antirrhinum),  all  insects 
except  bees,  Lepidoptera,  and  some  very  minute  intruders  are  shut 
out  both  from  the  honey  and  from  the  pollen.  Pendulous  flowers 
with  included  stamens  and  not  too  wide  tubes  protect  their  honey 
from  removal  by  flies  {Asparagus,  Convallaria)  or  by  other  insects 
also  {Erica,  Vacdnium) ;  such  flowers  are  therefore  visited  mainly 
or  exclusively  by  honey-seeking  insects.  A  vaulted  structure 
sheltering  the  anthers  from  rain  {Iris,  most  Labiates),  does  not 
prevent,  but  to  a  great  extent  restricts,  the  theft  of  pollen  by 
insects;  beetles  are  quite  unable  to  obtain  pollen  so  concealed, 
only  a  few  of  the  more  intelligent  flies,  especially  IVmujia^  and 
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rather  more  Qumerous  bees  can  do  so.  The  pollen  is  most  com- 
pletely protected  in  those  flowers  whose  stamens  are  completely 
shut  up  within  the  corolla  (^umariacea^,  Papitionacem,  Efiinanthv*, 
Mdampyriaii,  Pediailaris,  Sainia),  or  whose  pollen  is  united  in 
masses  and  enclosed  in  pouches  {Asdvpiade^.  OrchidoE).  These 
plants  are  no  longer  able  to  have  their  pollen  transported  by 
,  miscellaneous  insects,  but  they  have  developed  adaptations  of  tlie 
most  perfect  kind  for  cross-fertilisation  by  certain  special  insects. 

The  mechanism  ia  so  perfect  and  so  effectual  in  these  flowers 
that  crosa-furtilisatioD  is  thoroughly  insured,  though  some  of  them 
offer  only  pollen  to  their  visitors  {GeniMa,  Sarothamnus),  others 
pollen  and  sap  {Cytisits),  others  sap  only  (Orchis). 

The  contrivances  that  we  have  just  reviewed  give  to  two 
divisions  of  anthophilous  insects  exclusive  or  almost  exclusive 
access  to  the  food  materials  contaioed  in  certain  flowers  ;  namely, 
in  most  cases  to  bees,  which,  however,  must  usually  share  their 
honey  with  the  Lepidoptera ;  and  in  relatively  few  cases  to 
Lepidoptera,  when,  if  the  pollen  lies  exposed,  flies  may  devour 
it  and  bees  collect  it,  playing  a  subsidiary  part  in  the  work  of 
fertilisation.  But  certain  small  Diptera  which  resort  to  small  dark 
cavities  have  a  much  more  complete  monoptily  of  those  flowers 
which  furnish  them  with  such  temporary  abodes,  and  which  have 
become  adapted  for  cross- fertilisation  by  them  {AriUolodiia 
Cleiaalitis,  Arum  macidalum);  for  the  naxrow  entrance  usually 
escludes  all  other  insects. 

Limitation  of  Insect-visits  hy  Time  of  Flov-ering  and  btf  Place 
of  Groioth. 

It  is  obvious  that  every  species  of  flower  can  only  be  visited  and 
fertilised  by  those  insects  wbich  occur  at  the  time  when  the  plant 
is  in  flower,  and  in  the  stations  where  it  grows.  The  insect- 
visitors  of  a  plant  are  therefore  limited  hy  the  season  and  by  the 
time  of  day  when  it  flowers,  by  its  geographical  distribution,  and 
by  the  nature  of  its  habitat. 

We  may  assume,  furthermore,  with  Delpiuo  (175  a),  that  the 
geographical  range  of  many  flowers  finds  its  Uniit  where  insects 
suitable  for  their  fertilisation  begin  to  fail.  But  the  particular 
cases  which  Delpino  atlduces  to  support  tliis  view  are,  in  part,  , 
based  on  insufficient  observations.'     Our  stock  of  observations  is 
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'  V  insufficient  to  show  ua  how  the  circle  of  visitors  to 

^jRlar  plant  is  determined  by  the  time  of  flowering,  the 
D&fure  of  the  locality,  the  competition  of  other  flowers,  and  the 
peculiarities  of  sinictiire  in  the  flower  itself. 

It  is  obvious  that  flowers  which  only  expand  at  night  are 
thereby  protected  from  the  visits  of  aU  merely  diurnal  insects, 
but  among  our  native  flowers  we  have  scarcely  a  distinct  example 
of  this  condition.  Of  the  flowers  mentioned  above  as  adapted  for 
hawk-moths  and  nocturnal  Lepidoptera,  Lychnis  vespertina  expands 
in  the  evening,  without,  however,  being  completely  closed  by  day ; 
while  the  others  exclude  diurnal  insects  from  their  honey  only  by 
their  long,  narrow  tubes,  and  specially  attract  hawk-moths  and 
night-flying  Lepidoptera  by  their  colour,  and  by  exhaling  their 
odour  most  powerfully  at  night. 


2.    8TBUCTUEAL   CHARACTEEta  WHICH   AID  IN   FERTILISATIOS. 

Adaptive  Modification*  of  the  Pollen  and  Stigma. 

All  the  character  of  flowers  so  far  discussed  can  only  be  of 
advantage  to  the  plant  in  so  much  as  they  contribute  indirectly  to 
the  conveyance  of  pollen  by  insect-visitors  to  the  stigmas  of  other 
flowers.  But  this  result  is  only  possible  if  the  pollen  is  of  such  a 
nature  as  to  adhere  to  the  insect,  and  if  the  stigma  is  fitted  to 
remove  it  from  the  insect  in  turn. 

While  in  anemophilous  plants  the  pollen  consbts  very  generally 
of  loose,  smooth,  and  easily  scattered  grains,  in  entomophiloiis 
flowers  it  presents  a  great  variety  of  characters,  all  such  as  to  enable 
it  to  adhere  to  the  bodies  of  insect-visitors ;  and  in  all  cases  the 
nature  of  the  stigma  stands  in  the  closest  relation  to  the  nature 
of  the  pollen,  and  the  stigma  is  always  fitted  for  attaching  the 
pollen  to  itself  by  a  viscid  surface  or  by  projecting  papillae. 
In  flowers  furnished  with  a  contrivance  fur  scattering  their  pollen 
(several  Scrophulariacea,  Eiicacem,  etc.)  the  pollen  is  usually 
smooth  and  loose  as  in  anemophilous  plants ;  but  it  is  inclosed  in 
receptacles  from  which  it  is  dislodged  by  a  touch  of  the  insect, 
and  it  is  often  directed  in  its  fall  by  special  hairs.  In  Syringa 
and  SymphoTXcarpusi^e  insect's  head  or  proboscis  is  first  moistened 
with  honey,  to  which  the  pollen  then  adheres;  in  Vinca  and 
Polyffola  viscid  matter  is  secreted  by  the  stigma,  and  in  Sryonif 
Marrubium,  Sideritis,  etc.,  by  spherical  cells  of  the  antfa* 
fulfils  the  same  function.    In  the  great  majority  of  caaea^.1 
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those  which  are  least  visited  are  those  in  which  self-fertilisation 
is  best  insured.! 

The  comparative  merits  of  cross-fertilisation  and  self-fertilisation 
can  only  be  rightly  considered  when  the  actual  insect-visits  that  the 
plant  receives  are  taken  into  account ;  and  only  the  utter  neglect 
of  this  precaution  can  explain  how  Hildebrand  and  Axell  came 
to  directly  opposite  estimates  of  the  value  of  the  two  modes  of 
fertilisation.  For  Hildebrand  in  his  GeschledUervertheilung  ar- 
ranges the  mechanisms  of  flowers  according  as  they  hinder  self- 
fertilisation,  and  seems  to  consider  those  the  most  perfect  in  which 
self- fertilisation  is  least  possible ;  while  Axell  tries  to  show  that 
the  highest  and  most  perfect  Phanerogams  are  those  which 
regularly  fertilise  themselves.* 

Both  views  are  only  partially  correct ;  the  truth  lies  between 
them.  The  law,  proved  by  general  considerations  in  the  Introduc- 
tion and  by  many  detailed  facts  in  the  third  section  of  this  book, 
that  cross-fertilisation  is  better  for  a  plant  than  self-fertilisation, 
but  that  self-fertilisation  is  infinitely  better  than  no  fertilisation  at 
all  and  consequent  sterility,  must  modify  essentially  Hildebrand's 
conception  of  a  law  of  the  avoidance  of  self-fertilisation.  And  it  is 
evident  at  once  that  Axell's  idea  of  a  single  path  towards  perfection 
in  the  evolution  of  Phanerogamic  flowers  is  altogether  untenable 
when  we  review  the  insurance  of  cross-  and  self- fertilisation  in 
connection  with  the  insurance  of  insect-visits. 

The  oldest  Phanerogamic  flowers  which  adapted  themselves 
for  the  transport  of  their  pollen  by  insect-agency  certainly  pos- 
sessed those  characters  by  which  insects  are  mainly  attracted — 
namely,  conspicuousness,  perfume,  and  honey — to  so  small  an 
extent  that  as  a  rule  their  insect-visitors  were  not  numerous 
enough  to  insure  cross-fertilisation.  Under  these  conditions  it 
must  have  been  advantageous  for  the  organs  of  both  sexes  to  be 
united  within  one  flower  so  as  to  admit  the  possibility  of  self- 
fertilisation.  In  accordance  with  this  is  the  fact  that  while  the 
Gymnosperms  have  diclinic  anemophilous  flowers,  the  great 
majority  of  entomophilous  Phanerogams  are  monoclinic. 

But  as  soon  as  in  any  entomophilous  plant  increased  conspicu- 
ousness, or  perfume,  or  food-supply  had  so  far  multiplied  insect- 
visits  that  cross-fertilisation  took  place  regularly  and  the  possibility 
of  self-fertilisation  became  quite  useless,  then  the  possibility  of 

^  Compare  Rhinanthus,  Lynmachta,  Euphrasia  officinalis^  lioca^  Ruhus,  rpllohiuhi^ 
Geranium^  Afalva,  Polygonum ,  Stellaria,  Certuftium,  Veronicaj  Hicraciian^  Hentcio^aiL', 
«  Cf.  "Historical  Introduction,"  pp.  12,  20. 
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Belf-fertilisation  could  be  dispensod  with,  and  has  actually  in  very  ■ 
many  cases  been  lost.  Such  a  result  has  taken  place  in  the  most 
diverse  ivays,  sometimes  by  dichogamy,  sometimes  by  the  position 
of  the  parts  in  the  flower,  sometimes  by  reversion  to  the  diclinic 
condition.  Asparagus  q^cinalU,  Ribts  alpimim,  Rhus  Colinus, 
Lychnis  vespertina,  &c.,  are  undoubted  instances  of  pianta  which 
have  reverted  or  are  reverting  from  the  hermaphrodite  to  the 
diclinic  condition. 

So  when  insect-viaits  were  comparatively  few  it  was  a  step 
towards  perfection  for  entomophiloua  diclinic  plants  to  become 
monoclinic  ;  but  when  cross-fertilisation  was  insured  by  sufficient 
insect-visits  the  reverse  transition  was  advantageous.  So  is  it 
with  all  other  characters  which  insure  cross-fertilisation  or  self- 
fertilisation.  Dichogamy  is  so  general  a  feature  throughout 
whole  genera  and  orders,  that  it  is  scarcely  possible  to  doubt  that 
it  has  been  inherited  as  an  arlvantageous  character  from  the 
common  ancestors  of  these  genera  or  orders ;  but  the  least  con- 
spicuous and  least  visited  species  in  these  groups  have  reverted  to 
self-fertilisation,  and  in  their  case  this  reversed  progress  has  been 
a  step  towards  perfection  (cf.  Senedo  vulgaris,  Malva  rotundi/olia, 
the  smaller  species  of  Geranium,  Stellaria  tn-edia,  etc.).  la 
Rkinanthus  crida-galli  cross-fertilisation  in  the  event  of  sufficient 
insect-visits  is  insured  by  the  distance  of  the  stigma  and  anthers 
from  one  another,  and  the  style  is  elongated  so  that  its  stigma 
must  be  touched  by  insect-visitors ;  but  in  the  leas  conspicuous 
variety  the  tip  of  the  style  curves  backwards  so  far  that  self- 
fertilisation  ensues  without  fail.  It  is  needless  to  cite  more  of 
the  instances  already  discussed,  in  which  little- visited  varieties, 
species,  or  genera  fertilise  themselves  regularly,  while  closely-allied 
forms,  more  abundantly  visited,  have  been  able  to  dispense  with 
the  possibility  of  spontaneous  self-fertilisation. 

In  my  opinion,  if  we  must  describe  in  general  terms  the  grades 
of  perfection  in  floral  mechanisms,  we  can  only  call  those  specially 
perfect  which  fulfil  their  purpose  in  the  life  of  the  plant  specially 
well;  that  is  to  say,  which  under  existing  conditions  insure  the 
sexual  reproduction  of  the  species  with  particular  success.  We 
cannot  admit  that  either  the  insurance  of  cross-fertilisation  in  case 
of  insect- visits,  or  the  unfailing  occurrence  of  self-pollination,  is  in 
itself  a  measure  of  perfection  in  the  mechanism  of  a  flower ;  for 
both  among  plants  which  regularly  pollinate  themselves  and 
among  those  in  which  spontaneous  self-pollination  is  impossible 
we  find  numerous  species  which  prove  by  their  great  abundance 
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how  perfect  is  their  structure.  Senccio  vulgaris,  Veronica 
kedertr/olia,  Stellaria  media,  Lamium.  purpureum  are  examples  of 
the  one  condition,  and  Pedicularis  eilvatica,  Malva  si^vcstris,  and 
Echimii  vulgare  of  the  other.  It  must  by  no  means  be  supposed 
that  all  floral  mechanisms  are  equal ;  in  many  Bowel's  distinct 
imperfections  have  already  been  pointed  out  {Posoqutria  fragrans, 
Faramea,  Malva  sUvtstris,  Euphrasia  Odontites,  Geum  rivale, 
etc.).  There  are  also  species  which,  after  abandoning  the  power  of 
self-fertilisation,  have  suffered  so  from  the  competition  of  other 
flowers  that  they  obtain  very  few  insect-visits  (e.g.,  Opkrys 
mvxijera).  Such  instances  prove  still  more  forcibly  that  the 
uniform  perfection  which  Axell  supposes  to  exist  in  Nature  has 
no  real  existence. 

It  may  be  urged  that  Axell  proceeds  from  a  totally  different 
conception  of  perfection ;  for  he  looks  upon  every  economy  of 
space,  time,  and  material  as  a  step  towards  perfection  ;  and  he 
must  therefore  look  upon  the  reversion  of  monoclinic  flowers  to 
dicliny,  or  the  passage  of  homogainic  flowers  to  dichogamy,  as 
retrograde  even  when  those  changes  are  of  distinct  advantage  for 
the  sexual  propagation  of  the  plaat.  But  such  a  deflnition  of 
perfection  is  unnatural. 

But  even  apart  from  any  definition  of  perfection  in  a  floral 
mechanism,  nothing  can  be  more  unnatural  than  to  assert  that 
there  is  only  one  course  of  evolution  or  only  one  path  towards 
perfection  in  the  structure  of  flowers. 

As  in  regard  to  conspicuousness,  odour,  or  production  and 
concealment  of  food  material,  so  also  in  favouring  or  insuring 
cross- fertilisation,  there  is  an  infinite  variety  of  means  to  the 
end.  In  flowers  which  receive  abundant  insect-visits  cross-fertilisa- 
tion has  been  insured  sometimes  by  reversion  to  dicliny,  sometimes 
by  dichogamy,  sometimes  by  distant  separation  of  the  stigma  and 
pollen  in  the  flower,  sometimes  by  a  special  mechanism  causing 
the  poUen  to  adhere  to  the  insect  aud  afterwards  to  the  stigma  of 
the  next  flower.  Dichogamy,  though  usually  proterandrous.  is 
proterogynous  even  in  many  entoiuophilous  flowers  {Arittoloehiat 
Eiionyinus,  many  Rosacea),  in  spite  of  Axell's  statement  to  t]u)_ 
contrary.  The  separation  in  space  of  the  essential  orguv' 
be  of  the  same  kind  lu  all  the  flowers  of  a  species,  or  the  re) 
of  the  parts  may  be  different  in  different  flowers;  but  in  al 
the  relative  positions  of  the  parts  are  closely  connected  wi 
sects'  visits.  In  the  former  case,  when  all  the  flower" 
cro^-fertilisation  is  insured  either  if  the  same  pt 


visitor  always  comes  in  contact  first  with  the  stigma  and  after- 
wards with  the  anthers  {Antltcricum,  GonvaUnria  mijatia,  Lonieera 
Caprifolium,  many  Labiatce,  etc.),  or  if  in  each  flower  any  part 
of  the  proboscis,  body,  or  head  of  the  insect  touches  the  stigma 
while  at  the  same  time  the  opposite  side  touches  the  anthers 
(Myosotis,  Oinjihalodes,  Mibea  niynim,  BerberU,  Crutiferw,  etc.). 
When  the  flowers  are  not  all'  alike,  that  is  to  say  iu  dimorphic 
[Primula,  Hottonia,  PuLirwnaria,  Polygonum  faycpynim)  or  tri- 
morphic  (Lytki-um)  plants,  cross-fertilisation  is  insured  if  the  insects 
touch  the  anthers  and  stigma  with  different  parts  of  their  bodies, 
but  touch  the  stigma  with  that  part  which  touched  the  anthers  in 
a  previous  flower. 

The  mechanisms  for  applying  pullen  to  a  particular  part  of  the 
insect  are  astonishingly  various;  from  the  nature  of  the  case  they 
can  be  the  more  easily  attained  the  more  the  circle  of  visitors  is 
restricted  to  a  few  definite  forms  by  coucealmeut  of  the  honey. 
As  examples  of  these  multitudinous  arrangements  we  may  recall 
the  flowers  of  EricacejB,  Scrophulariacete,  Boraginea^,  and  Ga/atithns, 
in  which  pollen  is  sifted  on  to  the  insect ;  the  infinite  number  of 
devices  in  Orchideie ;  and  the  somewhat  similar  mechanism  of 
Asclepiadacese ;  the  flowers  of  Papilionaceae,  Fumariaceie,  and 
of  Lopezia,  in  all  of  whicli  the  insect  involuntarily  opens  the 
polien-receptjicle  and  dusts  itself  ventrally  with  pollen;  Salvia, 
in  which  the  mechanism  is  reversed  and  the  insect's  back  receives 
the  pollen ;  lastly,  the  simple  device  of  the  flexible  st^imens  in 
Veronica  Chamadj-ys  and  Circaa. 

The  mechanisms  which  have  been  discussed  in  this  book  are 
only  an  infinitesimal  fraction  of  the  vast  variety  that  exists.  They 
arose  quite  independently  and  at  various  times  in  the  various 
divisions  of  those  Phanerogams  which  had  become  entomophiloua 
and  monoclinic'  They  have  iu  general  become  developed  only 
where  increasing  conspicuousness  and  a  large  supply  of  food  material 
attracted  so  many  insects  that  the  capability  for  self-fertilisation  be- 
came unnecessary  ;  on  the  other  hand,  where  insect-visite  remained 
few,  the  power  of  self-fertilisation  (which  began  with  the  appearance 
of  hermaphroditism)  was  retained.     Where  cross-fertilisation  that 

'  TliB  meohanianiH  for  insarinn  cross- fertilUstioa  in  Unibellifene  and  in  Coni- 
poaiUe  have  beta  inherited  from  the  ancestor*  of  the  ordor ;  those  in  the  T&rioot 
■praies  of  Aquileyia,  Delphinium,  Linaria,  and  Ptdieul-aria,  fiom  tlie  snccatoi  of  tlM 
^nus  ;  those  in  Pdiyvonwa  fagopynira.  P.  Sislorbi,  and  Lonieera  Caprifolium,  lion 
the  saceBlor  of  the  BpecieB  ;  vrhile  the  iliflerent  forms  of  llawen  in  Skinanang  erial»- 
gain,  Vtronita  gfnerUa,  Odimtitai  motina,  Eaphrogia  officinnjis,  anil  ZyniaiwAiA 
'ive  UB  eXHinplca  of  various  flornl  characters  being  evolved  within  the  bonudt 
the  same  »p?eie». 
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had  once  been  insured  becomes  uncertain  owing  to  the  competition 
of  other  flowers  {e.g.  Malva  rotundifolia,  species  of  Geranium),  or 
owing  to  the  unfavourable  locality  (cf.  Lysimachia  nemorum)  or 
unfavourable  weather  (cf.  Veronica  Beccahunga),  the  mechanisms  of 
the  flowers  have  in  many  cases  undergone  a  change  such  as  to 
render  self-fertilisation  again  possible  ;  in  a  few  cases  reversion  to 
anemophily  has  taken  place  (ArtemisiaceaB,  Thalictrum).  As 
examples  of  the  countless  ways  in  which  plants  revert  to  self- 
fertilisation  in  default  of  sufficient  insect-visits,  I  may  mention  the 
following : — In  some  dichogamic  flowers  the  stigmas  curl  back  upon 
the  anthers  or  other  parts  which  still  retain  some  pollen  {SteUaria 
graminea,  Malva  rotundifolia,  species  of  Geranium,  Compositae) ; 
the  stigmas  sometimes  curl  back  till  they  come  in  the  line  of  fall  of 
the  pollen  [Melampyrum  pratense)  or  even  place  themselves  between 
the  anthers  {Khinanthvs  minor) ;  anthers  which  stand  in  a  ring 
round  the  stigma  may,  in  default  of  sufficient  insect-visits,  con- 
verge above  the  stigma,  applying  their  pollen  to  it  {Myosotis, 
LUhospermum,  Cruciferaj);  even  mechanisms  which  effect  cross- 
fertilisation  with  astonishing  precision  in  case  of  insect-visits  are 
not  unfrequently  transformed  so  as  to  render  self-fertilisation 
inevitable  when  insect-visits  are  few  (certain  Orchideae,  Fuma- 
riacese,  Salvia);  or  the  production  of  cleistogamic,  self-fertilised 
flowers  may  compensate  for  the  loss  of  the  power  of  self-fertilisation 
in  the  ordinary  flowers  (  Viola). 

Unlike  Axell,  who  brings  his  book  to  a  conclusion  by  saying 
"  We  see  thus  that  the  development  of  mechanisms  for  fertilisation 
in  Phanerogams  has  gone  on  and  still  goes  on  in  the  same 
direction,"^  I  should  say:  The  dependence  of  entomophilous  flowers 
on  guests  so  infinitely  various  in  habits,  tastes,  and  numbers,  in 
their  food  and  in  the  means  of  obtaining  it,  must  have  rendered 
possible  not  one  but  countless  paths  towards  perfection,  paths 
leading  not  always  forwards  but  sometimes  backwards ;  and  only  in 
such  a  way  could  the  infinite  variety  of  existing  flowers  have 
come  into  existence. 

My  brother  Fritz  Miiller  has  sent  me  the  following  instances 
of  the  general  principle  that  whenever  in  a  variable  species 
selection  occurs  in  a  definite  way,  then  that  selection,  apart  from 
other  relations,  will  lead  to  a  continued  increase  of  the  variation 
in  the  same  direction  from  generation  to  generation  : — 

y  '*  Vi  ansa  saledea.  att  utvecklingen  i  anordningania  for  konens  fBrening  Hon  de 
fanerogama  vaxterna  fortgfttt  ock  fortgAr  i  iiamnula  rikdiiiig." — No.  17,  ]>.  l>5. 


"(1)  III  innixB  cuUivatetl  nt  Iljijidiy,  the  crnins  ntand  for  tLe  moat  part  ii 
twelve  or  fourteen  rowa,  not  uiifre'juently  iii  ten,  rarely  in  eight  or  sixteen,  &nd 
very  rarely  in  eighteen  rows.  In  more  than  100  eaxe  whith  I  bought  for 
Hdwing  in  I8U7  I  found  only  one  of  ei){htcen  rowe.  Tliis  car  produced  next  year 
SOS  eare,  among  which  were  twenty-two  with  eighteen  rows,  besides  one  wliich 
had  eighteen  rows  in  the  upper  part  and  twenty  in  the  lower,  and  one  whiclk 
had  eighteen  at  the  top,  twenty  in  the  middle,  and  twenty-two  at  the  bottotn. 
Next  year,  1868-69,1  had460eara  obtainedfroniBCedBoutof  ears  with  eighteen 
rows  ;  and  of  these  460,  18'2  per  cM;nt.  bore  eighteen  rows,  4-4  per  cent,  bore 
twenty,  and  '2  per  cent,  bore  twenty-two.  In  the  following  year,  among  eare 
obtained  from  seed  out  of  ears  bearing  twenty-two  rows,  one  eat  occurred 
which  bore  twenty-six  rows. 

"  (2)  In  an  Abutilon  from  Capivary  the  nornial  number  of  styles  is  ten.  A 
seedling  obtained  from  a  dower  witli  nine  styles  bad,  among  100  Dowers,  two 
with  seven  styles,  and  twenty-seven  with  eight ;  while  In  100  Bowers  upon  the 
mother-plant  there  were  only  three  with  eight,  and  none  with  seven  styles. 

"  (3)  In  Abutilon  there  oci-nr  sometimes,  but  very  rarely  in  most  species, 
flowers  with  six  petals. 

"  From  seed  obtained  from  an  heiamerouB  flower  of  the  hybrid£F,'  fertilised 
with  pollen  from  a  pentamerons  flower  of  the  variety  F,  a  plant  was  reared 
(EF.F)  whioh  I  watched  for  three  weeks  (Augnst  17  to  September  6,  1869) 
counting  the  petals  upon  all  the  Sowers  that  appeareil  on  iL  It  bore  in  the 
three  weeks  : — 


Flowers  with  5  petiile 
Ditto         „    6      „ 
Ditto         „    7      „ 
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"At  the  same  time  I  watched  another  plant  descended  {mm pentamerout 
parents  of  the  same  varieties  as  those  of  the  former  (but  obtained  by  pollen  of 
the  hybrid  £F  applied  to  the  stigma  of  the  pure  species  F).  It  bore  in  t 
three  weeks  ;^ 


Flowers  with  5  petals 
Ditto         „    B      „ 
Ditto         „    7      „ 
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"The  simplest  explanation  of  tlieso  facts  seems  to  be,  that  each  species  has 
the  property  of  varying  within  a  certain  amount :  crossing  of  different  in- 
dividuals BO  long  OS  no  selection  is  made  in  a  defluit«  direction,  suffices  to  keep 
the  middle  point  fairly  constant,  about  which  the  variations  oscillate  ;  and  an 
the  extremes  also  remain  constant.  But  if  the  tendency  to  vary  in  either 
direction  is  aided  by  natural  or  artiticial  selection,  then  our  middle  point  is  u 
it  were  shifted  to  that  side  and  ,the  extremes  of  oscillation  are  also  shifted 
towards  the  same  side." 


Since  the  first  appearance  of  thia  work  (187S)  I  have  discussed 
in  a  series  of  essays  the  question  of  the  Origin  of  Flowers  and  the 

'  E  indicatea  the  Abutilon  culled  Emhint  bmiifit  by  the  BmiiUans :  F,  an 
Abutilon  from  Pociilho  (see  No.  557) ;  EF  implies  the  hybrid  prndiioed  by  pollen  of 
^applied  to  the  stigniii  of  E. 
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gradual  attainment  of  their  special  characters.  I  may  now  close 
this  book  with  a  summary  of  my  chief  conclusions.  The  good  eflfect 
of  cross-fertilisation  may  be  recognised  not  only  in  the  structure  of 
insect-fertilised  flowers,  but  also  in  the  water-fertilised  and  wind- 
fertilised  plants  which  preceded  them.  Even  in  the  lowest  algSB  we 
find  cross-fertilisation,  to  effect  which  two  individuals  move  towards 
each  other  in  the  water  by  means  of  a  cilium.  In  a  higher  grade  we 
find  the  two  individuals  differentiated,  one  losing  its  motility,  and 
increasing  in  size  to  form  an  ovum,  while  the  other  (sperm-cell 
or  antJierozooid)  retaining  its  primitive  motile  form  swims  about  in 
quest  of  the  ovum.  This  mode  of  cross-fertilisation  is  retained  not 
only  by  all  cellular  cryptogams  (except  the  Floridece  or  red  sea- 
weeds, whose  tailless  antherozooids  are  moved  passively  in  the 
current)  but  also  by  all  vascular  cryptogams.  With  the  change  to 
dry  localities,  where  even  occasional  moisture  sufficient  for  the 
migration  of  the  antherozooids  is  not  attainable,  the  Vascular 
cryptogams  seem  to  have  developed  wind-fertilised  unisexual 
flowers ;  thus,  first  the  Gymnosperms,  and  from  these  afterwards 
the  Angiosperms  have  arisen. 

Finally  from  the  wind-fertilised  Angiosperms,  entomophilous 
flowers  arose,  as  insects  came  first  accidentally  and  afterwards 
regularly  to  seek  their  food  on  flowers,  and  as  natural  selection 
fostered  and  perfected  every  change  which  favoured  insect-visits 
and  thereby  aided  cross-fertilisation.  With  the  transition  to 
insect-fertilisation  came,  on  the  one  hand,  great  economy  of  pollen, 
but,  on  the  other  hand,  the  uncertainty  of  insect- visits  made  it  as 
a  rule  necessary  that  self-fertilisation  should  remain  possible. 
Thus,  though  descended  from  unisexual  (anemophilous)  ancestors, 
entomophilous  flowers  are  usually  hermaphrodite,  and  are  capable 
to  a  great  extent  of  fertilising  themselves  when  insect-visits  fail. 
But  in  the  course  of  further  development,  many  of  them  have  so 
increased  their  means  of  attracting  insects  (by  colour,  perfume, 
honey,  etc.),  that  the  power  of  spontaneous  self-fertilisation  has 
become  superfluous  and  finally  has  been  lost. 

Insects  in  cross-fertilising  flowers  endow  them  with  offspring 
which  in  the  struggle  for  existence  vanquish  those  individuals  of 
the  same  species  which  are  the  offspring  of  self-fertilisation.  The 
insects  must  therefore  operate  by  selection  in  the  same  way  as  do 
unscientific  cultivators  among  men,  who  preserve  the  most  pleasinijf 
or  most  useful  specimens,  and  reject  or  neglect  the  others.  In 
both  cases,  selection  in  course  of  time  brings  those  variations  to 
perfection  which  correspond  to  the  taste  or  to  the  needs  of  the 
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selective  agent.  DiflFerent  groups  of  insects,  according  to  their 
sense  of  taste  or  colour,  the  length  of  their  tongues,  their  way 
of  movement  and  their  dexterity,  have  produced  various  odours, 
colours,  and  forms  of  flowers ;  and  insects  and  flowers  have 
progressed  together  towards  perfection. 

The  transition  from  wind-fertilisation  to  insect-fertilisation  and 
the  first  traces  of  adaptation  to  insects,  could  only  be  due  to 
the  influence  of  quite  short-lipped  insects  with  feebly  developed 
colour-sense.  The  most  primitive  flowers  are  therefore  for  the 
most  part  (except,  for  instance,  Salix)  simple,  widely  open,  regular, 
devoid  of  honey  or  with  their  honey  unconcealed  and  easily 
accessible,  and  white  or  yellow  in  colour  (e,g.  most  Umbelli/erxe  and 
AlsinecB,  many  Banunculacece  and  Hosacew. 

The  carrion-loving  Flies  were  from  the  first  marked  out  by 
their  peculiar  tastes  to  produce  certain  peculiar  flowers.  Preferring 
those  colours  and  odours  which  guided  them  to  their  primitive 
food,  they  produced,  wherever  they  got  special  influence,  dull, 
yellowish,  or  dark-purple  colours,  often  accompanied  with  a  putrid 
smell.  The  stupidity  of  flies  also  favoured  the  production  of  cer- 
tain contrivances  to  insure  crossing,  e.g,  the  prison-flowers  of  Arum 
and  Aristolochia,  the  traps  of  Pinguicula  alpina,  Cynandiunt,  and 
Stapelia,  or  the  deceptions  of  Paris,  Ophrys,  and  Famassia, 

Gradually,  from  the  miscellaneous  lot  of  flower- visiting  insects, 
all  much  alike  in  their  tastes,  there  arose  others  more  skilful  and 
intelligent,  with  longer  tongues  and  acuter  colour-sense ;  and  they 
gradually  caused  the  production  of  flowers  with  more  varied 
colours,  honey  invisible  to  or  beyond  the  reach  of  the  less  intel- 
ligent short-tongued  guests,  and  various  contrivances  for  lodging, 
protecting,  and  pointing  out  the  honey. 

Lepidoptera,  •  by  the  thinness,  sometimes  (Sphingidce)  by  the 
length  of  their  tongues,  were  able  to  produce  special  modifications. 
Through  their  agency  were  developed  flowers  with  long  and  narrow 
tubes,  whose  colours  and  time  of  opening  were  in  relation  to  the 
tastes  and  habits  of  their  visitors.  We  may  thus  distinguish  flowers 
adapted  for  butterflies  (Dianthus  deltoides  and  many  Silenece),  or  for 
moths  {Platanthera) ;  for  diurnal  hawk-moths  {Gentiana  havarica, 
O.  vema),  for  nocturnal  hawk-moths  {Lonicera  CaprifoHum) ;  and 
intermediate  stages  {e.g,,  Crocus  vemus).  The  acute  sense  of  smell 
in  Lepidoptera  reveals  itself  in  the  aromatic  scent  of  Pinks, 
Nigritella,  Daphne  striata,  etc.,  and  the  colour-sense  of  butterflies 
is  shown  in  the  flowers,  usually  red  and  prettily  marked,  which 
are  due  to  them. 
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The  IchrieuTnonidoB  at  first  surpassed  all  other  visitors  in  obser- 
vation and  discernment,  and  they  were  thus  able  to  produce 
inconspicuous  flowers  which  escaped  the  notice  of  other  visitors. 
On  the  appearance  of  sand-wasps  and  bees  these  inconspicuous 
flowers  were  banished  by  competition  to  the  less  frequented 
localities  {e,g,,  lAstera  to  shady  woods). 

The  Sand-wasps  {Sphegidasi)  apparently  took  the  place  to  a 
great  extent  of  the  Ichneumons,  and  produced  flowers  where 
organs  had  to  be  thrust  apart  (Papilionaceae),  or  where  a  narrow 
cavity  had  to  be  entered  (Labiatse),  or  where  some  other  action 
similar  to  the  act  of  digging  had  to  be  performed.  Subsequently 
bees  seem  to  have  entered  on  joint  possession  of  most  of  these 
flowers,  and  to  have  added  special  adaptations  of  their  own. 

The  true  Wasps  {VespidcB)  could  establish  themselves  by  the 
fear  of  their  sting  (and  of  their  jaws)  in  sole  possession  of  certain 
flowers  with  wide  open  mouths  and  abundant  honey.  These  they 
developed  farther  in  relation  to  their  wants  (Scrophularia,  Sym- 
j>?ioricarpu8,  Epipactis  laiifolia,  Lonicera  alpigena);  but  where 
wasps  are  scarce  the  flowers  are  utilised  by  other  insects. 

Bees  (Apidce),  as  the  most  skilful  and  diligent  visitors,  have 
played  the  chief  part  in  the  evolution  of  flowers ;  we  owe  to 
them  the  most  numerous,  most  varied,  and  most  specialised  forms. 
Flowers  adapted  for  bees  probably  surpass  all  others  together  in 
variety  of  colour.  The  most  specialised,  and  especially  the  gre- 
garious bees,  have  produced  great  differentiations  in  colour,  which 
enable  them,  on  their  journeys,  to  keep  to  a  single  species  of  flower. 
While  those  flowers  which  are  fitted  for  a  miscellaneous  lot  of 
short-lipped  insects  usually  exhibit  similar  colours  (especially 
white  or  yellow)  over  a  range  of  several  allied  species,  the  most 
closely  allied  species  growing  in  the  same  locality,  when  adapted 
for  bees,  are  usually  of  different  colours  and  can  thereby  be 
recognised  at  a  glance  (e,g.,  Trifolium,  Zamium,  Teucrium, 
Pedicularis), 

Some  Drone-flies  (Syrphidce)  also,  which  admire  bright  colours 
and  are  themselves  brightly  adorned  {Ascia,  Melanostoina, 
Uphegina,  etc.),  have  produced  special  flowers  suited  to  their 
tastes,  which  they  mainly  fertilise  [Saxifraga  rotuiidifolia,  S. 
fcmbrosa,  etc.) ;  sometimes  we  even  find  a  special  and  sinipK' 
mechanism  adapted  for  them  (  Veronica  Cliamctdrys). 

The  power  to  distinguish  red,  violet,  and  blue  colours  must 
have  been  acquired  to  a  certain  degree  by  flesh-flies  and  carrion- 
flies  in  seeking   their  natural   food ;   but  in  other  flower-loving 
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insects  this  power  seems  only  to  have  arisen  with  the  habit  of 
visiting  flowers,  and  to  have  increased  pari  passic  with  the  taste 
for  flowers  and  with  the  length  of  the  proboscis.  On  the  whole 
we  find  red,  violet,  and  blue  colours  appearing  for  the  first  time 
in  flowers  whose  honey  is  quite  concealed  and  which  are  visited 
by  more  or  less  long-tongued  insects  (bees,  long-tongued  flies, 
Lepidoptera),  or  else  in  flowers  visited  for  the  sake  of  their  poUen 
chiefly  by  bees  and  drone-flies  {Hepatica  triloba,  Verbascum 
phosniceum). 

The  forms,  colours,  and  odours  of  the  flowers  in  a  particular 
region  must  depend  in  the  closest  manner  upon  the  insect  fauna 
of  the  region,  and  especially  upon  the  relative  abundance  in  it  of 
the  various  classes  of  insects.  This  conclusion  is  in  complete 
accordance  with  the  following  comparison  of  my  observations  on 
the  Alps  and  in  North  Germany.  On  the  Alps,  Hymenoptera  and 
especially  bees  are  relatively  much  less  numerous  and  Lepidoptera 
much  more  numerous  than  in  Low  Germany. 

I  have  observed  upon  flowers : — 


1.   iM  Low  QCBMAXY. 

2.   Oh  thk  Alps 

GBMERALLT. 

• 
8.  Abow  trb  Limit 
ofTrbss. 

a.  Species 
of  Insects. 

b.  Visits 
obsenred. 

a.  Species 
of  Insects. 

h.  Viidts 
observed. 

a.  Species 
of  Insects. 

b.  Visits 
obsenred. 

Coleoptera 

129 

469 

88 

837 

S3 

184 

Diptera       

253 

1,598 

848 

1,856 

210 

980 

1 

Hymenoptera 

868 

2,750 

188 

1,882 

88 

519 

I 

(Apidffi)       

(205) 

(2,191) 

(120) 

(1,H1) 

(49) 

(402)  1 

Lepidoptera 

79 

865 

220 

2,122 

148 

1,190 

Other  Insects 

14 

49 

7 

15 

8 

6 

Total  ... 

843 

6,231 

841 

5,712 

482 

1 
2,779    ; 
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Of  each  1,000  dilBFerent  visits  observed  (differing  either  in  the 
species  of  flower  visited  or  the  species  of  insect  visiting  it)  there 
axe  therefore : — ^ 


1 

1.  In  Low 
OennAny. 

o  r^  «K«  Ain.     *•  Abore  the 
2.  On  the  Alp.,   unjjt  of  Tree.. 

Coleoptera      

89-6 

69  0 

48*2 

Diptera           

805-5 

824*9                834*6 

Hymenoptera 

6257 

2420                186*8 

(Apidffi)          

(4181) 

(200-0)             (144-6) 

Lepidoptera 

69*8 

371*6        i       428-8 

1 

Other  Insects 

9*4                    2-6 

21 

Total     ... 

1,0000 

1,000*0 

1,000-0 

*  Cf.  Nature,  vd.  xxL  p.  275, 1880. 
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507.  534.  540,  561,  623A,  659,  718, 

786 
Clethra,  36 
Clitoria,  729 
Colxea,  27,  52,  226,  227 
Collomia,  423,  424,  685 
Colour,  3,  4,  15,  16,  102, 103,  105,  142, 

205,  365,  422,  548,  583,  600,  618,  620, 

682,  690,  710 
Compositie,  181,  357 
Comptonia,  19 
Conifers,  177,  184 
Conophallus,  48,  191 
Convolvulus,  319 
Coroniila,  244 
Coryanthes,  658,  804 
Cory<lali8,  74,  310,  350 
Corylus,  19,  62,  66,  211,  306,  312,  577, 

770 
Cratoxylon,  213 
Crinum,  177 
Crocus,  327 
Croton,  520 
Crucifene,  366,  608 
Cucurbita,  264 
Cymbidium,  640 
Cynarea,  661 
Cynorchis,  537 
Cypripcdiura,  565 
Cyrtostylis,  130 
Cytisus,  323/324 

DiEDALACANTHUS,  696 

Danthonia,  455 

Datisca,  541 

Dianthus,  71,  607 

Dictamnus,  315,  330 

Digitalis,  56 

Dimorphi-^m,  24,  33,  83.  86,  89,  134, 
154,  156,  157,  160,  167,  186,203,213, 
224,  225,  282,  285,  296,  319,  336,  33s, 
339.  340,  342,  389.  393.  402,  426,  427, 
447,  478,  495,  5o>.  504,  506,  531,  532, 
545.  554,  605,  636,  640,  684,  692,  696, 
724,  8CXD 

Disa,  744,  766 

Disemma,  691,  694 

Disparis,  765 

Draba,  497,  519 

Drac£ena,  452 

Dracunculus,  7 

Drosera,  71 

Duvernoia,  35 

Epidendrl'm,  553,  5S5A 
Epicsea,  285,  463,  760A 
Epilobiuni,  45  b,  147 
Epipactis,  565 
Epipomum,  676 
Erantnemum,  12,  402,  69^ 
Eremuriis,  367,  612 


Erica,  591,  592,  633 
Eriophoruni,  203 
Erodium,  433,  434,  438 
Erytbraea,  780 
Erytbrina,  56 

Escbscholtzla,  358,  550,  553 
Eucorida,  628 
Euphorbia,  468,  69 7 A,  726 
Euryale,  800 

Faba,  492 

Faraniea,  553,  554 

Ficus,  140,  416A,  439,  460,    564,  621, 

677.  700,  740,  769A,  794 
Floridefie,  205 
Foray  thia,  280 a 
Fragaria,  680 
Funiariace«,  74,  141,  163,  214,  332,  350, 

358.  530.  536,  575 

Gazania,  801 

Oelsemium,  282 

Genista,  326 

Gentiana,  42,  121,  479,  582,  753 

.Geononia,  239 

Geranium,  229,  295 

Gerardia,  21,  22,  25,  789 

Gesneria,  632 

Geum,  774 

Gin<;ko,  516 

Gladiolus,  9 

Glaucium,  358 

Glaux,  332 

Glecboiua,  308,  574,  636 

Glossostigma,  132 

Gloxinia,  235 

Gnaphaliuni,  709 

Goetbea,  177 

Goldfussia,  541  a 

Goodeniaceaj,  162 

Goodenoviaj,  84 

Gossypium,  197,  730 

Graniiueai,  14,  65,  67 A,  98,  123,  180,  212, 

269,  300,  301.  332,  3^3.  367,  371,  415. 
416,  440,  627,  659.  672,  673,  674  706, 

707.  759,  777.  785 
Gymnadenia,  274,  277 

Gymnosperms,  712 

Habenaria,  274,  277,  454,  767 
Hedera,  471 
Heeria,  606 

Helianthemum,  12,  13,  531 
Hellebonis,  314 
Hemerocallis,  30  % 

Hesperidre,  562 
Heteranthera,  564A 
Himantoglossum,  361 
Hordeum,  332,  371,  785 
Houstonia,  506 
Hoya,  623A,  699,  715 
Hyoscyamus,  442 
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IMBAUBA,  563 

ImiKtifng,  45A,  72,  79.  331,  417,  475,  733 

Indigofero,  313,  325 

JOCROUA,    177 

Jngtins,  1S6,  504,  6S9A 
Juncits,  10,  II,  39,  119 

Jiuticia,  1I3A 

Kaluia,  313 

Laobretbceuia,  564A 

I^mium,  72*.  33^.  759 

Ijantaiu,  560 

Larii,  177 

Leersia.  21Z,  696 

Iieschenaultia,  17A,  162 

Liliuin,  24S,  4S2,  641 

Liniodorutn,  258,  644 

Linftrio,  524 

Linum,  1,  157,  332,  339,  340,  648,  750 

Liparis,  34 

LUtrofltachyB,  537 

Lithospennum,  89 

Iioasfie,  62$ 

Lobelia,  240.  304.  558,  727,  751 

Lopezia,  461 

Lotus,  243 

LnpinuB,  4:4 

Luzula,  464 

LycliiiiB,  69S 

Lythnini,  45B,  158.  393,  394 

Hacrostahia,  135 
Malva,  71,  332 
MalvBstrum,  iZ2 
MaraDtaceir,  175,  629 
Maregravia,  56,  783,  784   . 
Haitba,  549 
Matricaria,  633 
Maxillaria,  663 
Jledicago,  322.  323.  332,  747 
MelampjTum,  632 
ftlelaBtoDiR,  255 
Melochia,  225 
Mentzelia,  487,  488 
Mejenia,  444 
Mimulue,  38,  45B,  105A 
Mitcliella,  465,  501 
Molinia,  440 
MonNhoria,  3S9 
Hnak,  390 
HyoBorut,  177,  616 

NscTARiEa,  51,  9a,  93*,  125,  1S7,  190. 

366.  401,  608,  653,  654.  65s.  6SS*. 

656.  730,  779,  783,  784.  787* 
KspetJi,  4SB,  73A,  308,  S9a,  636 
SetxM,  788A 
NicotiaDi,  350 
NomimtUD,  S>4 
Nyctagiiiia,  381 


Orchids,  5,  6,  29.  34,  35,  63,  77,  91, 
"3.  "4.  IIS.  "9.  133.  136.  »39.  144. 
149.  155.  "55*.  '59.  16S.  338.  347, 
253,  265,  266,  267,  272,  373,  274, 276, 
377.  333-  337,  344,  361,  453,  454,  533, 
5*7.  529.  537.  5J8,  543.  543*.  55'. 
56s.  571.  576.  586,  637,  647, 663,  675. 
684,691,  694,697,  719,  743,  744,  745, 
764.  765,  766,  767,  768,  769,  793, 
793 

Origanam,  632 

clrjM,  759 

Olalia,  79,  333,  348,  362,  S07,  534,  738 

Paliubps,  177 

Palmte,  47,  177 

Capaver,  358,  369 

PapilionacetB,    151,    153,  169,    243,    404, 

492,  633,  655A 
Parnnsua,  64 

Passifloro,  47S,  558,  69:,  694 
PttBlinaca,  251,  518,  737A 
pHvouia,  318 

Pediculnris,  363,  476,  633 
Pelargonium,  198,  294,  297,  333,  798 
Pentstpmon,  230 
PepliB,  394 

I'liaaeolus,  57,  309,  240,  368,  633 
Pliilotheca,  315  a 
Piiysianthufl,  638,  7<XIA 
Physoalegia,  446 
Pinguioulft,  333,  781 
Piaum,  404,  633 

Plantago,  45B,  148,  425,  429.  43°.  43' 
Plotaniliuni.  274 
PodostoDiac«e,  561 
Pogonia,  697 

PoUIWttlB,   736 

Palycarpon,  40 

Poljrgala,  303 

Polygon  om,  233 

Poutederia,  412,  556,  560 

Portulaca,  87,  494 

Posoqueria,  393,  549,  788 

Primula,  97,   108,   no,   in,  154,   161, 

23'.   336.   3*0.  378,    384.  393.    398. 

447.  545.  585.  ~4*.  693 
PringlcH,  216,  372,  547 
Proteicee,  85 
ProncUa,  333 
Ptarortjlia,  139 
Pnlmonarit,  3^ 
ryiWimthiTTii,  44 
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Rosa,  797 
Koscoea,  445 
Rubiacese,  134,  233 
Kuellia,  696 
Rosens,  58 

Sabal,  177 

Sabbatea,  760 

Sagiua,  38 

SdVia,  332,  341,  345,  359,  445,  497,  631, 

650,  735 
Salvinia,  683 
Sapotaceie,  311 

Saxifraga,  210,  221,  604,  630A,  722 
Scabiosa,  771 
Schizanthus,  346 
Scorzonera,  553 

Scrophularia,  45B,  2S0,  486,  632, 737,  778 
Selliera,  131 
Sherardia,  605 
Silene,  780 
Siphocampylos,  346 
Solanum,  560,  725 
Smilaceae,  193 
Snails,  437 
Sparganium,  761 
Sparmannia,  541D 
Spergnla,  332 
Spiranthes,  144 
Stachys,  774 
Stapelia,  375 
Staphylea,  486 
Stelis,  714 
Stellaria,  497,  605 
Stratiotes,  457 
Stylidium,  54  ib 
Snccisa,  449 
Symplocarpns,  72S 
Syringa,  38,  605 

Tabern-smontana,  359 
Tacsonia,  69 1,  694 


Taraxacnm,  486 

Tecoma,  233 

Tencrium,  632 

Thalia,  645 

Thelymitra,  133 

Thymns,  632,  635  - 

Tillandsia,  802 

Torrenia,  28 

Tradescantia,  332 

Trichosanthes,  31 

Trichostoma,  377 

Trifolium,  55,  262,  299,  486 

Trigonella,  748 

Trimorphism,    2,    160,    343,    348,    362, 

393,  556 
TricBcism,  2,  106,  158 
Tulipa,  643 

Ulex,  633 
Utricnlana,  44 

Vaccinium,  633 

Vandellia,  399 

Vanilla,  139,  543,  754,  541c,  543A 

Verbascum,  161,  695 

Veronica,  8,  660,  708 

Vicia,  151,  152,  492 

Victoria,  775 

Vinca,  147A,  153,  636A,  781 

Viola,  70,  71,  79,  246,  307,  309,   332, 

39h  475»  524.  534,  622,  625,  718 
Vitis,  450,  451,  462 
Voandzeia,  81 

Wistaria,  264,  51  ia,  679 

Yucca,  32,  37,  218,  219,  220,  405,  448. 

503»  514,  515,  52i»  664,  667,  668,  669, 
670,  671,  681,  758 

Zea,  45B 
Zostera,  138,  223 
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WITH  REFERENCES  TO  THE  PLANTS  VISITED  BY  THEM. 


Abbreviations. — L.  =  Lippstadt ;  T.  =  Teklenburg,  Herr  Borgstette  ; 
Sid.  =  Sauerland  ;  Th.  =  Tliuringia. 

Numbers  placed  in  brackets  after  an  insect's  name,  indicate  the  length  ot 
the  insect's  proboscis  in  millimetrea 

The  plants  visited  are  designated  by  the  numbers  which  they  bear  in  the 
third  section  of  this  book.  To  facilitate  reference,  the  first  syllable  of  the 
plant's  order  or  genus  is  also  given. 

Insects  useless  in  the  work  of  fertilisation  are  marked  thus,f ;  those  (equally 
useless)  which  bite  through  or  burst  open  the  flower  forcibly  are  marked  thus,^. 
Those  cases  in  which  the  insect  fails  to  obtain  the  honey  or  pollen  which  it 
seeks  are  marked  with  an  asterisk  (*). 


I.  COLEOPTERA  (129  species,  469 
different  visits). 

A. '  Bv/prestidce  (1  species,  4  visits). 

Anthazift  nitidala,  L.,  L.,  Ran.  7  ;  Ros. 
153  ;  Comp.  225,  274. 

B.   CerambycidUz  (1  species,  80  visits). 

Olytusarielis,  L.,  L.,  Umb.  185,  Ros.  152, 

149,  135,  133. 

mysticus,  L.,  L.,  Ros.  163. 

Gnimmoptera   Isevis,  F.,   L,    List.  13; 

Corn.  197. 
lurida,  F.,  L.  T.,  Com.  197  ;  Umb. 

185. 
ruficomis,  Pz.,   L.   T.,  Umb.  179, 

187,  186  ;  Ros.  163,  149,  138,  187. 
Leptura    livida,  F.,    L.    T.,    List.  380 ; 

Umb.  179,  188,  184 ;  Ros.  136,  133 ; 

Convolv.  311  ;  Scab.  211 ;  Jas.  283 ; 

Comp.  225,  229,  233,  227,  217,  267. 

testacea,  L.,  L.,  Comp.  225. 

Pachyta  collaris,  L.,  Th.,  Umb.  185, 
octomaculata,  F.,-Sld.T.Siebengeb., 

Umb.  179,  181,  194,  185,   184;  Ros. 

134,  135,  130  ;  Scab.  211 ;  Comp.  229. 


Rhagium  inquisitor,  L.,  Sid.,  Umb.  194  ; 

Ros.  148. 
Strangaliaarmata,  Hbet.  (S.  calcarata,  F.), 

L.  Sid.,  Com.   197  ;   Ros.   148,   135, 

133  ;  Scab.  211  ;  Comp.  229. 
atra,  F.,  L.  Sid.   T.,.  Com.    197; 

Ros.  149,  135  ;  Scab.  211  ;  Comp.  229. 
attenuata.  L.,  L.,  Com.  197  ;  Ros. 


149,  130,  183;  Scab.  211  ;  Comp.  229, 
233. 

bifasciata,  Mull.,  Th.,  Umb.    191, 


195. 


—  melanura,  L.,  L.  Sid.,  Umb.  185  ; 
Ros.  135 ;  Scab.  211 ;  Comp.  253, 
229,  231. 

nigra,  L.,L.  Sid.,  Umb.  194  ;  Ran. 


7,  Cist.  45  ;  Ros.  148, 135, 133 ;  Plant. 
368. 
Toxotus  meridianus,  L. ,  Siebengeb.,  Scab. 
211 

C.  Chrysomdidas  (17  species,  32 
visits). 

Adimonia  sangoinea,  F.,  L.,  Ros.  152. 
Cassida  murrsa,  L.,  L.,  Comp.  228. 

nebulosa,  L„  L.,  Crac  88. 

Ceythra  cyanea,  F.,  L.,  Ros.  158. 
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Ceythrascopolina,L.,Th.,  Umb.  181, 191. 
Crioceris  12pimctats,  L.,  L.,  Umb.  177. 
Cn-ptocephalus    Morsi,  L.,    L.,   Papil. 

i08 ;  Comp.  267. 
sorioens,  L.,   SM.   T.   Th.,   Umb. 

194,   185  ;    Kan.    7 ;    Hyperic.    68 ; 

Papil.  108t ;  Scab.  211.  212  ;  Jas.  283  ; 

Comp.  258,  246,  225,  237,  267. 
vittatus,  F.,  Sid.,  Papil.  108t. 


Donaeia  dentata,  Hoppe,  L.,  Nupb.  19. 
Galernca  calmeriensis,  F.,T.,  Umb.  182. 
Haltica  fiisciconiis,  L.,  L.,  Mai  v.  69. 

nemorum,  L.,  L.,  Crncif.  33. 

Ilelodes  aacta,  F.,  L.,  Kan.  7. 

pbellandrii,  L.,    L.,    Umb.    188; 

Kan.  5. 
Lupcrus  flavipcs,  L  ,  L.,  Kos.  148. 
Plectroscelis  aeiitipes,  E.  H.,  L.,  Crucif. 

33. 

D.  Cistelida;  (2  species,  9  visits). 

Ciatelaninrina,  L.,  L.  T.,  Umb.  179, 186  ; 

lian.    7  ;   Geran.  78;  Kos.  149,  133  ; 

Comp.  267. 
— '—  rufipes,  F.,  L.,  Scropb.  324t. 

E.  Cleridcc  (1  species,  5  visits). 

Trichodes  apiarius,  L.,  L.  T.  Th.,  All. 
392  ;  Umb.  179, 191,  194,  174  ;  Comp. 
229. 

F.  Coecindlidcc  (6  species,  14  visits). 

Coccinella  bipnnctata,  L.,  L.,  Comp.  234. 

mutabilis,  Scrib.,  Th.,  Comp.  255. 

14piinctata,    L.,    L.,    Umb.    190 ; 

Berberid.   18  ;  Cnic.   40  ;  Parn.   157  ; 

Kos.  161. 

Spunctata,  L.,  L.,  Conip.  234. 

7punctata,    L.,    L.,    Lmb.     190; 


Pam.  167  ;  Geran.  83  ;  Comp.  274. 
Exochomus auritus,  Scrib.,  L.,  I  mb.  194 ; 
Comp.  225. 

G.  CryptapJiagicUc  (1  species,  2  visits). 

Antherophagus  pallens,  01.,    L.,   Sid.., 
Digit.  256t ;  Camp.  278. 

H.  CurcuHonidm  (18  species,  24  visits). 

Apion  columbinum,  Grm.,  L.,  Adoxa  198. 

onopordi,  K.,  L.,  Chrysospl.  155. 

variiMis,  Grm.,  L.,  Chrysospl.  155. 

spec,  L.,  Kos.  152. 

Bnichus  sp.,  L.,  Umb.  177, 185  ;  Comp. 

248,  234. 
Ceutorhynchnspumilio,  Gylh.,  L.,  Cnic. 

33. 

sp.,  L.,  Cnic.  35. 

Gymnetron  campanulae,  L.,  Sid.,  Camp. 

277. 

graminis,  Gylh.,  Th.,  Camp.  282. 

I^rinus  Jacea%  L.,  Th.,  Comp.  248,  246. 

senilis,  F.,  Th.,  Comp.  240. 

Nanophyea  lythri,  F.,  L.,  Lythr.  165. 


Otiorhynchus  ovatosy  L.,  L.,  Camp.  277. 

picipes,  F.,  L.,  Com.  197. 

Phyllobias  maculicomis,  Grm.,  L.,  Ros. 

152. 
Ph.  oblongns,  L.,  L.,  Umb.  177. 
Khynchites  ffiqoatns,  L.,  L.,  Kos.  151. 
Sjiermophagua  cardui,  Scbh.,  Th.,  Umlk 

179,  196 ;  Comp.  276. 

I.  Dermestidcc  (6  species,  44  visits). 

Anthrenus  claviger,  £r.,   L.,    Ros.  15S, 

149,  132. 

rauseonim,  L.,  L.,  Ros.  152,  183. 

pimpinell®,  F.,  L.,  Umb.  178, 179, 

190,  194,  195,  186,   184.    174  ;   Cruc. 

88;   Rhus   88;   Ros.    153,    148,   149, 

188,  180,  182,  138  ;  Comp.  229. 
scrophulari®,  L.,    L.,    Umb.   IW, 


184;    Kos.    148,   149,   153,  138,   132, 

133. 
Attagenus  pellio,  L.,  L.,  Berber.  18,  Ros. 

162,  163,  138. 
By  turns  fumatus,  F.   (including  B.  to* 

mentoBUs,  F.)  L.,    Com.    197 ;    Ban. 

7,  8  ;  Gsran.  78 ;  Ros.  152,  134,  185, 

187,  188. 

K.  ElaieHda  (16  species,  36  visits). 

Adrastus  pallens,  Er.,  L.,  Umb.  188. 
Agriotes  atenimus,  L.,  L,    Umb.  179, 

Kos.  162. 
gallicus.  Lap.,    Th.,    Umb.,    195, 

183  ;  Rubiac.  206  ;  Comp.  248,  228. 

sputator,  L.,  Th.,  Umb.  195. 

nstulatus,  SchalL,  Th.,  Umb.  194, 


195  ;  Comp.  248,  153. 
Athous  niger,  L.,  L.,  Com.  197  ;  UmK 

179,  185  ;  Comp.  229,  234. 
Cardiophorus  cinereus,  Hbst.,   L.,    Roe. 

133. 
Corymbites  htematodes,  F.,   Siebi^niwb., 

Umb.  194. 
holosericcus,  L.,    L.,    Umb.    194 

Kos.  152  ;  Comp.  246. 

quercus,  111.,  L.,  Umb.  185. 


Diacanthus  ffineus,  L.,  L.,  Ros.  135. 
Dolopius  marginatus,  L.,  L.,  Corn.  197; 

Ros.  152. 
Lacon  murinus,  L.,  L.,  Umb.  179,  185; 

Ros.  133. 
Limonius  cylindricus,  Payk.,  L.,  Ros.  152, 

135. 
parvulus,  Pz.,  L.,  Cmc.  33  ;    Salix 

378  ;  Kos.  152. 
Synaptns  filiformis,  F.,  L.,  Umb.  185. 

L.  HydropfnlidaR. 
Cercyon  anale,  Pk.,  L.,  Cruc.  33. 

M.  Lagriidac, 
T^gria  hirta,  L.,  L.,  Ros.  153. 
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N.  Lathridii, 

Corticaria  gibbosa,  Hbst,  L.,  Clirysospl. 
155. 

O.  Lamelliconiia  (6  species,  89  visits). 

Cetonia  aurata,  L.,  Sid.  Th.,  Umb.  179, 
193;  Cnic.  32;  Ros.  152,  148,  149, 
130 ;  Rubiac.  206 ;  Sambuc.  199  ; 
Comp.  229. 

Hoplia  philanthus,  Sulz.,  Sid.,  Uinb. 
194  ;  Scab.  211. 

Melolontha  vulgaris,  L.,  L.,  Ros.  152, 
149. 

Phyllopertha horticola,  L.,L.,  Umb.  179 ; 
Ros.  148,  149,  133  ;  Caprif.  200. 

Trichius  fasciatus,  L.,  L.  Sid.,  Umb.  179, 

178,  187,  194,  195,  174 ;  Clem.  1  ; 
Thai.  2 ;  Ros.  135,  130,  181,  133  ; 
Caprif.  199 ;  Scab.  211  ;  Comp.  248, 
246,  229,  237  ;  Valer.  208. 

nobilis,  L.,  L.,  Comp.  229, 

P.  Malaeodermata  (13  species,  51  visits). 

Anthocomus  fasciatus,  L.,  L.,  Umb.  177, 

186;   Cruc.  84,  38;   Ros.   148,   149; 

riant.  362. 
Dasytes  flavipcs,  F.,  L.,  Umb.  179,  181 ; 

Cruc   38;  Umb.  82;  Roe.  138,  142, 

188 ;  Comp.  229. 

pallipes,  Pz.,  Th.,  Umb.  195. 

sp.,    L.,    Bry.    171t,    Ros.    149; 

Scroph.  828t. 
Malachius  feneus,  F.,  L.  T.,  Umb.  185, 

186  ;  Geran.  78  ;  Ros.  152  ;  Plant.  868 ; 

Comp.  229. 
bipQstulatus,  F.,  L.  T.  Sid.,  Umb. 

179,  185  ;  Cruc.  88  ;  Ros,  185,  138, 
133  ;  Papil.  119t,  Comp.  274,  260. 

sp.,  L.,  Comp.  276. 


Telephorus fuscus,  L.,  L.,Umb.  179, 194, 

185. 
lividos,  L.,   L. ,    Umb.    194,   185, 

186. 


—  melannms,  L.,  L.  Sid.,  Umb.  181, 
178,  190,  194 ;  Comp.  248. 

—  pellucidus,  F.,  1-..,  Corn.  197. 

—  rusticus,  F  ,  L.,  Umb.   177,  185  ; 
Ros.  135. 

—  testacens,  L.,  L.,  Ros.  153. 


Q.  MordellidcR  (9  species,  35  visits). 

Anaspis  frontalis,  L.,  L.,  Umb.  179, 186  ; 

Ros.  153,  148.  133. 

maculata,  Fourc.,  L.,  Ros.  133. 

rufilabris,  Gy Ih. ,  T. ,  Umb.  1 79 ;  Ros. 

152. 

ruficollis,  F.,  L.,  Roe.  149. 


Mordella  abdominalis,  F.,  L.,  Ros.  153. 
aculeata,  L.,  L.,  Umb.  179,  195; 

Ran.  7  ;  Ros.  148,  149,  138,  180,  188  ; 

Rubiac.  206 ;  Caprif.  200 ;  Comp.  248, 

229. 


Mordella  fasciata,  F.,  L.,  Umb.  179, 178, 
194,  195,  185;  Rubiac.  206;  Comp. 
248,*  229,  228,  265. 

pumila,  Gylh.,  L.,  Umb.  185  ;  Ran. 

4,  7. 

pusilla,  Dej.,  L.,  Ran.  7. 


R.  NUidulidae  (4  species,  65  visits). 

Cychramusluteus,  F.,  Sid.  T.,  Umb.  179 ; 

Ros.  180. 
Epur8ea,sp.,  L.,  Umb.  185;   Cruc.  85; 

Ros.  152. 
Meligethes  sp.,  L.,  Lil.  894  ;  Cypriped. 

886*  ;  Corn.  197  ;  Umb.  190,  194,  185, 

186,  184,  174  ;  Nuph.  19;  Ran.  4,  7, 

8,  9,  11  ;  Papav.  20 ;  Cruc.  80,  85,  89  ; 

Salix  378  ;  Oxalis  75  ;  Cary.  65,  63 ; 

Lythr.  165  ;  Onagr.  167  ;  Ros.  151, 152. 

153,  148,  149,  135,  188,  139, 142, 136, 

182,  133,  127,  128  ;  Papil.  Ill,  112  ; 

Convolv.  311t;  Bor.  800;  Scroph.  823t; 

Plant.  868;  Caprif.  200;  Scab.  211  ; 

Camp.  278,  280  ;  Comp.  229, 238,  217, 

236,  263,  274 ;  Valer.  209. 
Thalycra    sericea,  Er.,   L.,   Com.    197 ; 

Umb.  194. 

S.  (Edeineridcc  (3  species,  12  visits). 

Asclera  ccerulea,  L.,  L.,  Ros.  158. 
(Edemera  flavescens,  L.,  L.  Th.,  Umb. 

182. 
virescens,  L.,  L.  T.  Th.,  Umb.  183, 

194;   Ran.  7;    Caiv.    65;    Ros.   135; 

Convolv.  311  ;  Ech.  310 ;  Jas.  283  ; 

Comp.  238,  217. 

T.  Phalacridce  (8  species,  4  visits). 

Olibrus  flpneus,  F.,  L.,  Chrysospl.  155  ; 
Ros.  151. 

affinis,  Sturm,  L.,  Caiy.  67. 

bicolor,  F.,  L.,   Scab.  211. 

U.  Staphylinidas  (2  species,  7  visits). 

Anthobium    spec,    Sid.,    Papil.    112  ; 

Camp.  277. 
Omalium    Horale,  Pk..    L.,    Cruc.    30 ; 

Cerast.  60  ;   Pulm.  804  ;  Prim.  288. 

V,  Tenebrionidcc, 
Microzoum  tibiale,  F.,  L.,  Roe.  152. 


IJ.  DIPTERA  (253  species,  1698  different 

visits). 

Brachyceba  (232  species,  1557  different 

visits). 

A,  Asilidod  (3  species,  8  visits). 

Dioctria  atricapilla,  Mgn.,  T.,  Ran.  7. 

Reinhardi,  Wiedem.,    81d.,  Umb. 

194. 
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Isopogon  brevirostris.  Fall.,  Sid.,  Umb. 
181. 

B.  BainbylidcB  (9  8X)ecie8,  57  visits). 

Anthrax  flava,  Mgn.,    Sid.   Th.,    Umb. 

179,  175,  193,  194,  195  ;  Rnbiac.  205  ; 

Comp.  248. 

hottentotta,  L.,  Sid.,  Comp.  237. 

maura,  L.,  Th.,  Umb.  191,  192. 

XvfiytomcKhA  sinuata.  Fall.,  I-^  T.,  Cnic. 

38  ;  Hyi)er.  68*. 
Bombylius  canescens,  Mik.,  Th.,  Hyper. 

68  ;  Comp.  267. 
discolor,  Mgn.  (11 — 12),  L.,  Cor)'d. 

23t,  24t ;    Cruc.    30  ;    Viol.   47,  48  ; 

Bor.  304  ;  Lab.  349 ;  Vinca,  293 ;  Prim. 

288. 

major,  L.   (10),  L.  T.,   Umb.  182 ; 


Coryd.  23t,  24t ;  Cruc.  30  ;  Viol.  49  ; 

Salix  378,  379 ;  Ros.  150  ;  Bor.  304, 

806  ;  Lab.  862,  349  ;  Vinca,  293  ;  Syr. 

291  ;  Prim.  282  ;  Comp.  236. 
Exoprosopa  ciipncina,  F.,  L  ,  Scab.  212  ; 

Jas.  282  ;  Comp.  225. 
Systa-chus  sulfureus,  F.,  Sid.  Th.,  Lin. 
■  74  ;  Malv.  72  ;  Ros.  143  ;  Papil.  100», 

94t ;  Scroph.  317,  330 ;  Lab.  344,  340  ;' 

Rubiac.  205,  207  ;  Camp*  277  ;  Comp. 

229,  271,  272. 

C.   Conopidce  (13  species,  54  visits). 

Conops  flavipes,  L.  (4—5),  L.  Sid.  T., 
Papil.  90t;  Phlox,  299;  Lab.  350; 
Rubiac.    206  ;   Comp.  257,  248,   229. 

quadrifasciatus,   Deg.,    L.,    Umb. 

181. 


scutellatus,  Mgn.,  Th.,  Comp.  246. 

Myopa  bnccata,   L.    (4^ — 5),    L.,   Salix 

377,  378  ;  Papil.  98t,  95. 
polystigma,  Rond.,    L.,  Ros.    133  ; 

Lab.  342. 

testacea,  L.  (3J),  L.  Sid.  Th.,  Salix 


377  ;  Ros.  152  ;  Papil.  95t,  98,  108*  ; 
Ub.  340. 

—  variegata,  Mgn.,  L.,  Lab.  342. 
sp.,  Th.,  Comp.  255. 


Occemyia  atra,  F.,  T.,  Comp.  266. 
Physocephala  rufipes,   F.,  L.  Th.,  Ros. 

135,  133  ;  Jas.  283  ;  Comp.  248,  246. 
vittata,  F..  L.,  Ech.  310  ;  Jas.  283  ; 

Comp.  257,  225. 
Sicus  ferrugineus,  L.,  L.  Sid.  T.,  Ros. 

142  ;  Papil.  100»,  108*  ;  Lab.  340,  342 ; 

Scab.  211,  213  ;  Jas.  283  ;  Comp.  253, 

229,  237,  266.  265,  276,  271,  272,  270, 

260  ;  Valer.  208. 
Zodion  zinereum,  F.,  Sid.,  Umb.  194. 

D.  Dolichcpiddi  (2  species,  2  visits). 

Dolichopus  ffineus,  Deg.,  L.,  Umb.  178. 
Gymnoptenius  chajrophylli,    Mgn.,    L., 
Umb.  191. 


£.  Empidee  (13  species,  81  visits). 

Enipis  leucoptera,  Mgn  ,  L.,  Hott.  289. 
Hvida,  L.  (2|— 3,  dry),  L.,  AIL  393; 

Orch.  386  ;  Com.  197  ;  Umb.  179, 187, 

194  ;  Ran-  8  ;  Papav.  21  ;  Cruc.  27. 

28  ;  Hyper.  68  ;  Lin  74  :  Gary.  61 ; 

Onagr.  166;  Ros.  150,  152,   153,  185, 

138,  128  ;  PapiL  117  ;  Convolv.  811  ; 

Scroph.  326  ;   Lab.    342,   338  ;   Hott. 

289  ;  Scab.  211,  212  ;  Jas.  283  ;  Comp. 

259,  248,  249,  233,  238,  217,  274,  262; 

Valer.  208. 

opaca,    F.   (3— 3 J,  dry),   L.,  Cruc 


30  ;  Cary.  65,  60  ;  Ros.  133  ;  Bor.  807 ; 
Caprif.  204  ;  Ck)mp.  217,  274. 

—  pennipes,  L.,  L.,  Hottonia  289. 

—  punctata,  F.,  L.,  Cyprip.  386* ; 
Umb.  179,  185 ;  Ros.  133 ;  Comp. 
274. 

rnstica.     Fall.,     L.,     Umb.     187; 


Cary.  60  ;  Onagr.  166  ;  Ros.  152,  127, 
128  ;  Lab.  342,  338 ;  Comp.  257,  229 ; 
Valer.  208. 
—  stercorea,  L.,  L.,  Umb.  185. 

tesselata,    P.     (3— 3J,     dry),     L., 


Umb.  182  ;  Ran.  7  ;  Carv.  65  ;  Ros. 
135, 133  ;  Lab.  338  ;  Scab.  211  ;  Comn. 
237. 

sp..    L.,    Umb.    178;    Salix    378; 


Convolv. 
Microphorus  velutinus,  Macq.,  L.,  Ros. 

153. 
Rhamphomjiaplumipea,  Fall.,  L.,  C^mp. 

277. 

sulcata,  Fall.,  L.,  Salix  378. 

Tachydromia    connexa,  Mgn.,    L.,    Ros. 

153. 

F.  Leplidtc  (2  species,  2  visits). 

Atherix  ibis,  F.,  L.,  Umb.  187. 
Leptis  strigosa,  Mgn.,  L.,  Cary.  60. 

G.  Muscidte  (85  species,  387  visits). 

Alophora  hemiptera,  F.,  T.,  Umb.  190. 
Anthomyia  wstiva,  Mgn.,  L.,  Cary.  60. 

obelisca,  Mgn.,  L.,  Rut.  84. 

pratensis,  Mgn.,  L.,  Rut.  84. 

radicum,  L.,    U,  Umb.    186;  Ran 

10  ;  Rut.  84;  Ros.  151. 
sp.,  L.,  Cyprip.  386*;   Umb.    172, 

179  ;  Ran.  6,  7,  8,  10,  11  ;   Berb.   18; 

Cruc.  30,  37  ;  Geran.  76  ;  Gary.  63,  55  ; 

Onagr.  170  ;  Ros.  138,  142,  145,    130* 

132,  133,  127  ;  Plant.  96. 
Aricia  incana,  Wiedem.,  L.>  Umb.    178  • 

Comp.  238. 

obscurata,  Mgn.,  L.,  Umb.  179. 

serva,  Mgn.,  L.,  Ros.  153. 

vagans.  Fall.,  L.,  Umb.  188. 

Borborus  niger,  Mgn.,  Adoxa  198. 
Calliphora    erythrocephala,    Mgn.,      L 

Gross.    161  ;  Umb.  194  ;   Salix   378  * 
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Rhus.  88  ;  Rat.  84  ;  Ros.  151  ;  Scroph. 

829  ;  Valer.  208. 
Calliphora  vomitoria,  L.,  L.,  Umb.  178, 

194,  174  ;  Kuon.  85  ;  Valer.  208. 
Calobata  cothumata,  Pz.,  L.,  Bor.  805. 
Chlorops    circumdata,  Mgn.,   L.,  Gary. 

66. 

sp.,  L.,  Ros.  153,  127. 

Cyrtoneura  coerulescens,  Macq.,  L.,  Ran. 

7. 

curvipes,  Macq.,    L.,    Umb.    188, 


192. 


simplex,  Loew,  L.,  Umb.  176,  178, 


192,  186;  Ros.  188. 
sp.,  L.,  Ros.  153. 


Demoticus    plebejus,  Fall.,    L.,    Comp. 

270. 
Dexia  canina,  F.,  T.,  Comp.  214. 

rustica,  F.,  Th.,  Umb.  198. 

Echinomyia  fera,  L.,  L.  T.,  Umb.  172, 

179,  177,  190,  194,  185  ;  Geran.  78  ; 

Ros.  152, 158, 134 ;  Gaprif.  2C0;  Gomp. 

214. 

fero.x,  Pz.,  L.,  Jas.  283  ;  Gomp.  226. 

^ossa,  L.,  L.,  Umb.  194. 

maimicomis,  Zett.,  L.  T.  Th  ,  Sed. 

164  ;  Umb.  194  ;  Ros.  133. 

tesselata,  F.,   L.,   Bor.   805;   Lab. 


835  ;  Scab.  317  ;  Jas.  283  ;  Comp.  245, 

229,  227. 
Exorista  vulgaris.  Fall.,  L.,  Umb.  194, 

186. 
Gonia  cnpitata,  Fall.  (4 — 5),  L.,  Gomp. 

225. 
Graphomyia  macula ta.  Scop.,  L.,  Umb, 

194,  185  ;  Ros.  154. 
Gymnosoma  rotundata,  L.,  L,  Th.,  Umb. 

177,   191,   192,   196,   195,   186,    184; 

Lab.  133  ;  Comp.  225,  228. 
Helomyza  affinis,  Mgn.,  L.,  Neottia  881. 
Hydroteea  dentipes,  F.,  L.,  Gary.  65. 
Lucilia  albiceps,  Mgn.,   L.,   Ros.   188  ; 

Gomp.  214. 
casar,    L.,    L,    Umb.    172,   178, 

194. 


—  comicina,  F.,  L.,  Umb.  173,  176, 
179,  178,  188,  192,  194,  174 ;  Euon. 
86  ;  Rhus  88  ;  Rut.  84  ;  Til.  73  ; 
Fagop.  369  ;  Ros.  151,  142,  138  ;  Ub. 
840,  839,  887  ;  Scab.  212  ;  Gomp.  248, 
229,  233,  217  ;  Valer.  208. 

—  sericata,  Mgn.,  L.,  Umb.  194, 
185;  Comp.  248. 

—  silvarum,  Mgn.,  L.,  Umb.  179, 178, 
190,  193,  194;  Rut.  84;  Gary.  55; 
Ros.  142,  138  ;  Lab.  889,  837  ;  Gomp. 
229. 

spec,   L,  Umb.    179,   185,  195; 


Ascl.    295t ;  Scab.  212 ;  Gomp.   222, 

238. 
Maoquartia  praefica,    Zett.,    L.,    Comp. 

229. 
Mesembrina  meridiana,  L.,  L.,  Umb.  178, 

190;  Ros.  142.  188. 


Micropalpus  fnlgens,    Mgn.,  L.,    Scab. 

211. 
Miltogramma  punctata,  Mgn.,  L.,  Umb. 

173,  179. 
Musca  corvina,  F.,  L.,  Umb.  178,   179, 

185,  192,  194  ;  Berb.  18  ;  Fagop.  369  ; 

Gary.  66  ;   Ros.  151,  188,   188  ;   Bor. 

805  ;  Lab.  888  ;  Rubiac.  205 ;  Comp. 

248,  229,  217. 
domestics,  L.,  L.,  Ran.  12 ;  Berb. 

18  ;   Euon.  85  ;   Til.   78  ;   Gaiy.    66  ; 

Onagr.  170  ;  Ros.  151  ;  Valer.  208. 
Myodina  vibrans,  L,  L.,  Ariutol.  376. 
Neroorseasp.,  L.,  Umb.  194. 
Ocyptera  brassicaria,  F.,  L.,  Umb.  178, 

194  ;  Lab.  340,  842;  Ascl.  295  ;  Jas. 

283  ;  Comp.  248. 
cylindnca,  F.,.L.,  Lab.  842;  Scab. 

211  ;  Jas.  288  ;  Gomp.  248,  225,  221. 
Oliviei-a  lateralis,   Pz.,    L.,    Jas.    283; 

Gomp.  248,  238. 
Onesia  cognata,  Mgn.,  L.,  Berb.  18  ;  Ros. 

189,  133. 
floralis,  R.  D.,  L.,  Umb.  194;  Nuph. 

19;    Berb.  18;  Gary.  55;    Ros.  150, 

152,    153,    185,    139,  133 ;  Bor.  305, 

306,  307  ;  Lab.  837,  388  ;  Gomp.  248, 

288,  274  ;  Valer.  207. 

sepulcralis,  Mgn.,  Th.,  Umb.  198, 


194  ;  Berb.  18  ;  Ros.  153  ;  Bor.  305 ; 

Lab.  337,  888 ;  Gomp.  237. 
Phasia  analis,  F.,  Th.,  Umb.  191. 

crassipennis,  F.,  Th.,  Umb.  191. 

Phorocera  assimilis,   Fallen,   L.,   Umb. 

194. 
Platystoma  seminationis,  F.,  Comp.  248. 
PoUenia  rudis,  F.,  L.,  Umb.  179 ;  Ran. 

12  ;   Rut.  84  ;  Salix  878  ;  Gary.   62 ; 

Ros.  151 ;  Gomp.  222. 
Vespillo,  F.,  L.,  Thalict.  8  ;  Pam. 

157 ;    Fagop.   869  ;    Gary.    62 ;    Ros. 

151,  139  ;  Bor.  805  ;  Lab.  889  ;  Gomp. 

229,  233,  238. 
Prosena  siberita,  F.,  (6,  dry)  L.,  Clem.  1; 

Lab.  342. 
Psila  fimetaria,  L.,  L.,  Umb.  185. 
Pyrellia  aenea,  Zett.,  L.,  Sed.  162  ;  Umb. 

194 ;  Gomp.  229. 
cadaverina,  L.,  L.,  Gary.  55  ;  Lab. 

837. 
Sapromyza  apicalis,  Loew,  L.,  Arist.  876. 
Sarcophaga  albiceps,    Mgn.,    L.,   Umb. 

179,  177,   195;    Rut.  84;   Ros.   138; 

Lab.  340,  889,  837. 
carnaria,  L.,   L.   Th.,  Umb.  172, 

176,  177.  193,  194  ;  Pam.  157  ;  Euon. 

85  ;    Rhus  88 ;    Rut    84  ;    Til.    73  ; 

Fagop.   369  ;   Polyg.   870  ;  Gary.  55  ; 

Ros.   158,  142,  138  ;  Lab,  840,  838  ; 

Comj>.  248,  233,  223. 

dissimilis,  Mgn.,  L.,  Umb.  186. 

hsemaiThoa,  Mgn.,  L.,  Umb.   186, 

194  ;  Rut.  84  ;  Comp.  288. 
spec,  L.,  Umb.  185,  190  ;  Lab.  838. 
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7  ;  Fagopyr.   369  ;  Ros.    138  ;   Comp. 

270,  261. 
Pipiza  lugubris,  F.,  L.,  Comp.  229. 

notata,  Mgn.,  L.,  Ros.  163. 

Pipizella  annulata,  Macq.,  L.,  Umb.  175, 

194,  196. 
virens,  F.,  L.  T.,  Umb.  179,  177, 

190,  194  ;  Ran.  10. 
spec,  L.,  Jas.  283. 


Platycneirus  albimamis,  F.,  L.  T.,  Ran. 
7  ;  Bor.  306. 

— —  manicatus,  Mgn.,  L.,  Cary.  60. 

peltatus,  Mgn.,  L.,  Umb.  177 ;  Geran. 

76 ;  Gary.  65. 

Pyrophaenasp.,  L.,  Umb.  177. 

Rningiarostrata,  L.  (including  campestris, 
Mgn.)  (11— 12),  L.,  LU.  390* ;  Jr.  387t ; 
Thai.  2 ;  Ran.  11 ;  Serb.  18  ;  Papav.  21 ; 
Cnic.  28,  30,  34,  35,  40  ;  Geran.  76,  78, 
79,  80  ;  Malv.  69 ;  Polygon.  370  ;  Gary. 
65,  62,  52»,  57,  59*  ;  Lythr.  165;  Ros. 
150,  152,  153,  148, 134,  135, 138,  139, 
145,  136,  133,  129;Papil.  112;  Bor. 
810,  300,  304,  305 ;  Solan.  313  ;  Scroph. 
818,  324 ;  Lab.  366,  359t,  361*,  352, 
353,  349 ;  01.  291  ;  Plant.  368  ;  Hott. 
289  ;  Eric.  285  ;  Gaprif.  202,  203,  204  ; 
Scab.  211,  212 ;  Camp.  279 ;  Comp.  257, 
259,  217,  274 ;  Valer.  209   (67  visits). 

Serycomyia  borealis.  Fall.,  T.  Th.,  Eric 
287. 

lappona,  L.,  Sid.,  Comp.  272. 

Syntta  pipiens,  L.,  L.  Sid  Tb.,  Alism. 
398  ;  Gross.  158,  161  ;  Umb.  176,  179, 
177,  178.  175,  187,  188,  190,  192,  193, 
194,  195, 185,  186, 184;  Clem.  1 ;  ThaL 
3  ;  Ran.  6,  7  ;  Papav.  21  ;  Gruc.  27, 28, 
37.  38  ;  Ri^s.  42;  Parn.  157  ;  Viol.  46  ; 
Salix  378  ;  Euon.  85  ;  Rhus  88  ;  Rut. 
84  ;  Goran.  80  ;  Polygon.  369,  370», 
371,  372,  373,  374 ;  Gary.  66,  60,  61,  63, 
55  ;  Lythr.  165  ;  Ros.  151,  148,  149, 
135,  138,  139,  142,  145,  130,  131,  133  ; 
Bor.  305  ;  Solan.  312,  313 ;  Scroph.  317, 
319,  325,  326  ;  Lab.  340,  339,  337,  338  ; 
01.  291 ;  Prim.  290  ;  Eric  287  ;  Rubiac. 
205  ;  Jas.  283  ;  Gomp.  248,  225,  229, 
233,  227,  228,  234.  238,  220,  216,  217, 
263,  260  ;  Valer.  207  (89  visits). 

Syrphus  arcuntus.  Fall.,  L.  T.,  Umb. 
177  ;  Ros.  140  ;  Bor.  310  ;  Gomp.  265, 
275. 

balteatus,  Deg.  (2),  L.  T.,  Papav. 

21 ;  Gruc.  37  ;  Parn.  157  ;  Salix  378  ; 
Hyper.  68  ;  Geran.  78  ;  Gary.  55  ; 
Gonvolv.  311  ;  Plant.  368  ;  Camp.  278  ; 
Gomp.  266,  265,  275,  262,  271,  273. 

coroUie,  F.,  L.,  Umb.  185 ;  Gomp. 

229. 

decorus,  Mgn.,  T.,  Gruc.  35. 

excisiis,  Zett.,  L.,  Parn.  157  ;  Ros. 


179,  181  ;  Rut.  84  ;  Ros.  179  ;  Convolr. 

811  ;  Gomp.  22?,  274,  271. 
Syrphus  ochrostoma,  Zett.,  L.»  Caprit 

202. 
pyrastri,  L.,  L.  T.,  Umb.  179,  177, 

181,  192,  194,  196 ;  Clem.    1 ;    Parn. 

167  ;  Gist.  45  ;  Saliz  378  ;  Geran.  78 ; 

J'agopyr.  869 ;  Gary.  57  ;  Ros.  150;  Bor. 

31U  ;  Lab.  338  ;  Scab.  212  ;  Jas.  283 ; 

Comp.  224>  274,  271. 
nbesii,  L.  (3—4),  L.  T-,  Umb.  179, 

177,  178,  194, 186  ;  Ran.  7  ;  Pam.  157; 

Cist.  46  ;  Salix  378  ;  Hyper.  68  ;  Euon. 

85  ;  Rut.  84  ;  Geran.  78  ;  Polygon.  370 ; 

Gary.  65 ;  Onagr.  166  ;  Ros.  133  ;  Plant. 

367  ;  Rubiac.  205  ;  Scab.  311 ;  Comp. 

224,  234,  237,  265. 

umbellatarum,  Mgn.,   Sid.,   Comp. 


237. 


spec,  L.,  Gruc  27  i  Gary.  60  ;  Ros. 

138, 139 ;  Scroph.  330 ;  Eric.  287 ;  Comp. 

248,  263. 
Tropidia  milesiformis,  FalL,  L., 
Volucellabombylans,  L,  (7 — 8),  L.  Sid.  T,, 

Orch.  390  ;  Polyg.  370 ;  Cary.  64  ;  Roa. 

147,  130;  Pap.   98,  100*  ;  Lab.   850; 

Eric  286  ;  Scab.  211  ;  Jas.  288  ;  Comp. 

253,  225,  237,  271 ;  Valer.  208. 
• hsemarrhoidalis,     Zett.,    L.,    Eric 

286. 


—  pellucens,  L.,  L.  T.  Sid.,  Umb. 
178 ;  Gruc.  34 ;  Til.  73  ;  Ros.  184,  135 ; 
Plant.  367 ;  Samb.  199  ;  Scab.  211 ; 
Comp.  225,  229,  237,  270. 

plumata,  L.,  L.,  Gary.  57  ;  Lythr. 


165  ;  Ros.  133 ;  Pap.  116  ;  Eric.  286; 

Scab.  211. 
Xanthogramma  citrofasciata,   Deg.,  L., 

Uml>.  176  ;  Euon.  85 ;  Ros.  144. 
Xylota  femorata,  L.,  T.,  Umb.  182. 

florum,  F.,  Sid.;  Umb.  194. 

ignava,  Pz.,  L.,  Clem.  1  ;  Ros.  138. 

lenta,  Pz.,  L.,  Clem.  1  ;  Ros.  188. 

segnis,  L.,  L.,  Ros.   158,    133  ;  OL 

291 »,  Gaprif.  202. 
sil varum,  L.,  Sid.,  Lab.  852*. 


133. 


r^laucius,  L.,  L.,  Umb.  194. 


^   I  www 

nitidioollis,  Mgn.,  (3),  L.  T.,  Umb, 


K.   Tahanidx  (4  species,  9  visits). 

Chrysops  coecutiens,  L.,  L.,  Urab.  181 ; 

Gary.  55 ;  Ros.  142 ;  Lab.  285. 
Tabanus  luridus,  Pz.,  L.,  Valer.  208. 

micans,  Mgn.,  L.,  Umb.  181. 

nisticus,  L.,   L.,  Sid.  Th.,  Umh. 

194 ;  Gomp.  248,  225. 

L.  TJierevidas  (1  species,  1  visit). 
Thereva  anilis,  L.,  L.,  Umb.  179. 

Nematocera  (22  species,  41  visits). 

M.  BibionidcR  (6  species,  12  visits). 

Bibio  hortulanus,  F.,  L.  T.,  Umb.  177, 

185,  186  ;  Euon.  85  ;  Ros.  183. 
Johannis,  L.,  L.,  Salix  378. 


INDEX  OF  INSECTS. 


643 


)3ibio  Marci,  L.  L.,  Salix  378  ;  Kos.  153, 

127. 
Dilophus  valgaris,  Mgn.,  L.,   Ros.  150, 

152, 158. 
Scatopse  soluta,  Loew,  L. ,  Aristol.  375. 

N.  Ceeidomyidm  (2  visits). 

Undetermined :  Adoza  814  ;  Chrysospl. 
155. 

0.  Chironomida  (3  species,  4  visits). 

Ceratopogon  sp.,  L.,  Aristol.  875;  Ros 

133. 
Chironomus  sp.,  L.,  Aristol.  375. 

Undetermined  genus,  Chrysospl.  155. 

P.  CulieidtB  (1  species,  1  visit). 
Culex  pipiens,  L.,  L.,  Rhamn.  86. 

Q.  MycetophilidoR  (5  visits). 

Undetermined  :  Adoxa  814  ;  ChrysospL 

155. 
Platycera  sp.,  L.,  Umb.  194. 
Sciara  Thomae,  L.,  L.  Th.,  Umb.  172  ; 

Comp.  238. 

R.  PsychodidoR  (1  species,  1  visit). 

rsychoda   phalaenoides,    L.,    L.,   Arum 
891. 

S.  SimulicUe  (2  visits). 

Simulia  spec,   Adoxa  198  ;  Chrysospl. 
.    155. 

T.  Tipulidce  (5  species,  13  visits). 

Tipula  olcracea,  L.,  L.,  Parn.  157  ;  Ros. 
'     135. 
spec,  L.,  Umb.  177,  192  ;  Valer. 

390. 
PachyiThina  crocata,  L.,  L.  Sid.  T.,  Umb. 

179,  181,  185  ;  Rubiac  205. 

historio,  F.,  L.,  Umb.  179,  194. 

pratensis,  L.,  L.,  Umb,  185  ;  Ros. 

133. 


III.  HEMIPTERA  (6  species,  15  visits). 

Aiithocoris  sp.,    L.,  Umb.    178  ;  Salix 

378. 
Capsns  sp.,  L.  Th.,  Umb.  194  ;  Lytlir. 

165 ;    Papil.    91t  ;  Comp.   258,   255, 


231,  228,  238. 
Nabis  sp.,  L.,  Con  vol  v.  31  If. 
Pyrocoris  aptera,  L.  (4),  L.,  Comp.  274. 
Tetyra  ni^lineata,  L.,  Th.,  Umb.  195. 
Undetermined   genus,    L.,    Umb.    194 ; 

Comp.  284. 


IV.  HYMENOPITRA  (368  species, 
2,750  different  visits). 

A.  Apida  (205  species,  2,191  different 
visits). 

AtidreTui  (51  species,  219  different  visits). 

Andrena  albicans,    K.    (2 — 2 J),  L.    T., 

Cypr.  886  ;   Gross.    158,  161  ;   Umb. 

179,  177  ;  aem.  1  ;  Ran.  4,  7,  9,  11  ; 

Berber.   18;   Coryd.   22t ;  Cruc.    34; 

Viol.  46*  ;  Salix  878,  379  ;  Rhus  88  ; 

Polygon.    370 ;    Cary.    66,    60 ;    Ros. 

150,  151,  162,  153,148, 149,  139,  183, 

127,    129  ;    Papil.    Ill  ;    Myos.    305, 

806  ;  Lab.  359t,  349* ;  Caprif.  203*  ; 

Comp.  225,  274  ;  Valer.  209. 
albicrus,   K.   (3),   L.,   Umb.  173, 

179  ;  Ran.  6  ;   Cruc.  29  ;  Salix  878  ; 

Fagop.  869 ;  Cary.  66  ;  Ros.  152,  134, 

135, 139.  140,  183  ;  Papil.  108* ;  Ech. 

810  ;  Comp  274. 

apicata,  Sm.,  L.,  Sal.  378. 

argentata,  Sm.  =  gracilis,  Schenck 


(2--2i),  L.,  Cary.  60  ;  Salix  878  ;  Ros. 
139  ;  Jas.  283 ;  Comp.  225,  274. 
atriceps,  K.=  tibialis,  K.  (81),   L., 


Cypr.  12  ;  Salix  378  ;  Ros.  162,  153  ; 
Papil.  Ill  ;  Eric.  285 ;  Comp.  274. 

—  bicolor,  F.  =8estiva,  Sm.,  L.,  Fagop. 
869. 

—  Cetii,  Schr.  (SJ),  L.,  Scab.  212. 
chrysosceles,  K.,    L.,    Salix  378  ; 


Ros.  153,  139  ;  Comp.  225. 
—  cineraria,  L.,   (4),  L.,  Salix  878  ; 
Cary.  65  ;  Comp.  274. 

cingulata,  F  ,  L.,  Sed.  162  ;  Ran. 


8 ;  Comp.  274. 

coitana,  K.,  Sid.  Th.,  Umb.  194  ; 


Hyper.  68  ;  Geran.  178  ;  Malv.  72 ; 
Ras.  180  ;  Scroph.  823t ;  Lab.  366 ; 
Camp.  277,  278  ;  Jas.  283 ;  Comp. 
253,  268,  272. 

—  Collinsonana,  K.  =proxima,  K.,  L., 
Umb.  179.  185.  184  ;  Salix  378 ;  Ros. 
151  ;  Comp.  274. 

convexiuscula,    K.,  L.,  Ros.    152 ; 


Papil.  98,  95,  119  ;  Scab.  212  ;  Comp. 
274. 

denticulata,  K.  =ListArella,  K.,  L. 


Sid.   T.   Th.,  Ros.,  143  ;  Papil.  94  ; 
Lysim.  290*  ;  Comp.  225,  234,    238, 
215,  268,  263,  264,  265,  278,  270. 
dorsata,  K.  (3),  L.  T.,  Umb.  179, 


192 ;  Papav.  20  ;  Cruc.  30,  86  ;  Salix 
378 ;  Hyper.  68 ;  Geran.  76,  78  ; 
Polygon.  869,  871  ;  Cary.  66  ;  Ros. 
152,  153,  149,  138,  189,  183,  127  ; 
Papil.  104,  96;  Scroph.  818;  Eric. 
287  ;  Jas.  283  ;  Comp.  248,  225,  263, 
265,  274. 

—  eximia,  Sm.  (3i),  L.,  Salix  877. 

—  fasciata,  "Wesm.  (8 — 4),  L,,  Ros. 
127  ;  Papil.  100*  ^  Myos.  806  ;  Comp. 
274. 

T  T   2 


GeM.  78  ■;  Jas.  383  ;  Comi..  287.  MSa. 

-il  M.'i».^  Sm..  I.,  Sid..  Umb  181 ; 
Ran.  10  ;  Pw.  108»  ;  Corop.  287.  M8.      - 
368.  274.  272.  273.  289.  270.         

_tul™™.K.(3-3»|.l..Th..Cra.      - 
SSSlUnb.  177lE«>.  1.7;B«rb.lI. 
P.,;,.  20:C».=.  !«;C»l.  ln:a7■ 
^S^Mo.878;OOTl■.  78;  IWT.SJi      . 
Fmov.  389  ;  Boa.  183.  189.  133.  127  ;      - 
L5,pk.  824;   Lab.   S.9i   Kna.  !87i 
ami.  278  ;  Jaa.   283  ;    Camp    «». 
Ss.  227.  231,  288.  238.  281.  2)1.  271. 
373.  2B0.  r     I   T 

tiucipea.  k.  =  puba'eena.  K.,  i.- 1.. 

Elia.  287  :  Jas.  283  ;  Comp.  225. 

Groea.  168,  181;  Clara.  1  ;  Ran.  B  ; 
Cnic.  30.  39  ;  Salii  378.  879  ;  Garao. 
78.  80  ;  Ualv.  89  ;  Fagop.  8S  ;  Cary. 
389  ;  Koa.  161.  168.  13B,  127  ;  Scropb. 
320  321;  Prim.  288;  Enc.  285; 
li  211  ;  Camp  277.  278.  279.  281, 
0>»p.  218.  263.  237.  238.  271. 

Cmv   68  ;  Sc»b.  211  ;  Jaa.  283. 

lielvol.,U(iDaadmKVanan8.R™al, 

andmiala.  S.b,.a.k;.  I  ,  Umb.  179 
Bcrh  18  ;  SalU  378  ;  Fagop.  389  . 
R«a.  153.  136a.  133  ;  .laa.  383  ;  Comp. 

-^tibUlia,  K.,  L.  Tl..  r.pll.  »».  "»•. 

US;  Ech.  810;  Ub.  366. 
lepida.  Sahenck,,    U.   VuA.    171, 

-^"'Z.Sa.K..   L..Cmb.m.l»l; 

_5"^.a'."k..   L.,    ""..»«.    ''"^ 

Umb.  177.  191.  196;   Craa    39.  10 ; 

SalU    878  ;    Fagap.  389  ;    H«,.   139. 

110  ;  Conp.  218.  226.  237. 
nigrcaenea.    K.   (3^—1).    L.    Sid.. 

Cypr   12  ;  Umb.  177  ;  Cm.  39  ;  Raa. 

is  ;  Bay.  171  ;  Sail.  378  ;   Roa.  131. 
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Umb.  172,  179,  194,  185,  186  ;  Clem. 
1 ;  Thai.  2,  3  ;  Anem.  4  ;  Ran.  6,  7, 
9,  11,  12  ;  Ag.  13  {  ;  Berb.  18  ;  Did. 
22t  ;  Coryd.  23t,  24t ;  Fum.  26 ; 
Crac.  27,  29,  30,  31,  34,  85,  39,  40, 
41 ;  Res.  42,  43  ;  Viol.  47  ;  Cist.  51 ; 
Bry.  170t  ;  Salix  378,  379  ;  Rhamn. 
86  ;  iCesc.  87  ;  Polygal.  45  ;  Rhus.  88, 
89 ;  Rut.  84  ;  Geran.  77,  80,  83  ;  Lin. 
75 ;  TiL  73 ;  Malv.  69,  70,  71,  72  ; 
Polygon.  369,  370 ;  Cary.  65,  62,  57  ; 
Lythr.  165  ;  Onagr.  166,  169 ;  Ros. 
150,  151,  152,  153,  148,  134,  135,  138, 
139,  142,  136t,  ISO,  133,  127,  129; 
PapU.  90,  98,  lOOJ,  101,  103,  105,  96, 
97,  93t,  94,  95,  92,  111,  108. 109,  110, 
111,  107,  121,  122,  117,  list,  119t, 
114,  116;  Convolv.  311;  Ech.  310; 
Bor.  301,  soot,  302,  306  ;  Solan.  314, 
815  ;  Scroph.  318,  319,  320,  324,  325, 
327,  332,  330,  335} ;  Lat.  866,  864, 
359t,  362,  363,  360t,  355,  349{,  347, 
348,  344,  340,  342  ;  Ascl.  295 ;  01. 
291  ;  Plant.  367 ;  Prim.  288*  ;  Eric. 
286t,  287,  284,  285 ;  Rubiac.  207  ; 
Caprif.  201,  202,  203,  204  ;  Scab.  211, 
212,  213  ;  Camp.  277,  278,  279  ;  Jas. 
283  ;  Comp.  257,  258,  259,  248,  249, 
250,  253,  244,  227,  234,  237,  288,  215, 
217,  236,  214,  266,  263,  274,  276,  271, 
270,  260 ;  Valer.  208,  209. 

Bombus  (17  species,  509  visits). 
Bombns  agrornm,  F.  (=>  musconim,  L.), 

(10—15),  L.  T.,  Sid.  Th.,  SmU.  890 ; 

Ir.  387  ;  List.  380 1 ;  Orch.  882  ;  Sed. 

164  ;  Aq.  13 ;  Papav.  21 ;  Coryd.  25  ; 

VioL  48  ;  Hypenc.  68 ;  Rhamn.  86  ; 

Til.  73;   Malv.   69,   70;    Cary.   57; 

Lythr.  165;. Onagr.  166,  169;    Ros. 

150,   148,   135  ;  l^pU.   90,   100,   104, 

120,    117,  118,  116  ;  Ech.   310,  300, 

S02,  304  ;  Solan.  315  ;  Scroph.  317,  821, 

S22,  323,  330,  835,  333  ;  Lab.  365,  360, 

356,  357,   358,  352,  353,  349  ;  Gent. 

296  ;  Vine.  293,  294  ;  Eric.  286,  284, 

285 ;  Symphor.  201  ;  Dips.  210,  211, 

212  ;  Comp.  241,  257,  258,  249,  245, 

243,  244,  256  (68  visits). 
Barbutellus,  K.   (Apathus^)  (12), 

L.  Sid.  PapiL  100  ;  Ech.  810  ;  Scroph. 

326,    334 ;    Lab.    349 ;    Scab.     211  ; 

Comp.  274,  272  (9  visito). 
campestris,  Pz.  (Apatiius)  (10 — 12), 

L.  T.,  Orch.  382  ;  Sed.  154 ;  Onagr. 

166  ;  Ros.  135,  100,   116  ;  Ech.  310 ; 

Eric    285 ;  Scab.    211  ;   Comp.    256, 

250,  244,   238,    215  (14  visits). 
confusus,  Schenck(12 — 14),  L.  Th., 

Orch.    382,    383,   384 ;    Onagr.    165  ; 

Ros.  136  ;  PapU.  100,  119,  116  ;  Lab. 

'  Dr.  Kriechbaumer  tells  me  that  the  name 
PtUkyrui  is  older  than  Avathu»f  and  P.  Miltiiitai, 
Ps.,  older  than  BarhuUuu*,  K. 


866,   849;    Prim.    288;    Eric.    285; 

Comp.  241,  258,  274,  273  (16  visits). 
Bombus  fragrans,  Kirby  ^  (15),  L.,  Orch. 

384  ;  Salix  378  ;  Ros.  136  ;  Pap.  100  (4 

visirs). 
hortorum,  L.«  (18—21),  L.  Sid.  Th., 

Colch.  395  ;  Smil.  390  ;  ir.  387  ;  Orvh. 

382,  383,  384  ;   Berg.  156  ;  Aq.  13  ; 

Delph.  14,  15;  Aconit.  17;  Did.  22; 

YioL  47  ;  Salix  878  ;  Malv.  69  ;  Pom. 

150  ;  Ros.   134,  135,  136,  129 ;  Pap. 

91, 125, 117, 119  ;  Ech.  310  ;  Bor.  304  ; 

Scroph.  319,  320,  321,  823,  334,  335, 

833  ;  Ub.  366,  359,  361,  362,  360,  352, 

849 ;  Vine.  293 ;  01.  291 ;  Prim.  288  ; 

Eric.  285  ;  Scab.  211 ;  Jas.  283  ;  Comp. 

248,  247  (49  visits). 

hypuorum,    Ij.    (10—12),   L.   Sid. 


T.  Th.,  Ros.  136  ;  Ech.  310  ;  Scroph. 
384,  365,  364i;  Ascl.  295;  Scab.  211 
(7  visito). 

—  Upidarius,  L.  (8—14),  L.  Sid.  T. 
Th.,  Orch.  382,  383,  384  ;  Sed.  164  ; 
Viol.  46,  47,  49 ;  Salix  378  ;  iEsc.  87  ; 
Polygal.  51 ;  Malv.  69 ;  Fagop.  869  ; 
Cary.  57  ;  Onagr.  166,  169 ;  Ros.  150, 
136,  129;  PapU.  100,  101,  92,  111, 
112,  107,  118,  119  ;  Ech.  310  ;  Bor. 
300},  302,  304 ;  Scroph.  321,  332, 
333  ;  Lab.  366, 364,  359,  358,  355,  349  ; 
Vine.  293  ;  01.  291 ;  Prim.  288  ;  Eric. 
284  ;  Dips.  210,  211,  212,  213 ;  Camp. 
277,  279  ;  Comp.  240,  241,  242,  267. 
258,  255,  248,  250,  251,  257,  245,  246, 
238,  266,  274,  271,  270  (66  visito). 

—  muscorum,  F.  (=  senilis,  F.  Smith) 
(10—14),  L.  T.  Th.,  Orch.  882  (?),  388, 
384  ;  Cist.  45  ;  Papil.  100,  102,  94,  91, 
116;  Ech.  310;  Bor.  802;  Scroph. 
818,  331 ;  Lab.  366,  864  ;  Rubiac.  207  : 
Caprifol.  201,  204  ;  Comp.  240,  241, 
258,  246,  274  (23  visito). 

pratonim,  L.  (8—12),  L.  Sid.,  All. 


392  ;  Orch.  382,  388,  884  ;  Gross.  162  ; 
Berb.  18;  Chelid.  21;  Diclytr.  22}; 
Salix  878  ;  Onagr.  166  ;  Ros.  134,  135, 
136;  PapU.  98,  100},  128,  116;  Ech. 
310;  Bor.  301,  300},  302,  304,  315; 
Scroph.  380,  334},  835},  364;  Lab. 
866,  359,  862,  363,  360,  352,  355,  349, 
841  ;  Plant.  367  ;  Eric.  285 ;  Caprif. 
201,  204  ;  Scab.  211,  212  ;  Camp.  277  ; 
Comp.  257,  253,  246,  247,  237,  238, 
272,  208  (52  visito). 

Rajellus,  IH.  (10—13),  L.,  Jr.  387  ; 

Sed.  162  ;  Papav.  21  ;  Did.  22}  ; 
Viol.  47  ;  Cary.  57;  Papil.  100,  101, 
117,118;  Ech.  310;  Bor.   300,   304; 

'  According  to  Dr.  Kriechbaumer.  B  fraffran*^ 
Kf  la  quite  distinct  fh>ra  B.  fragrant.  Pall.,  a 
Siberian  species.  The  latter  must  be  caUrd 
B.  dittinffutndMM,  Iforaw,  and  is,  perbapa, 
identical  with  B.  eUgan$.  SeidL 

*  Including  B.  ruderatut^  F. 
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Scroph.  334  ;  Lab.  364,  359,  361^,  363, 

360, 349  ;  Eric.  286  ;  Scab.  211 ;  Comp. 

253,  268  (23  vifliu). 
Bombus  rupeatris,  F.  (Apathna)  (11 — 14), 

L.  T.  Th.,  PapU.  100,  116  ;  Ech.  310 ; 

Lab.  364,  349  ;  Dipa.  310,  211,  212  ; 

Jas.  283 ;  Comp.  241,  257,  258,  255, 

215  (14  Tifiita). 
Scrimahiranua,  K.  (10),  L.  T.  Th., 

Grosa.  161 ;  SaUx  378 ;   Roa.  135,  136, 

133  ;    PapiL   117,  116 ;  Scroph.  819, 

334,  333;,    358,  355;    Eric.  284   (13 

viaita). 

senilis,  F.  Smith  ( =  B.  muaconim. 


F.»)  (11—15),  L.,  Orch.  383  ;  Roa.  136, 
133  ;  PapiL  100,  119,  116  ;  Bor.  304  ; 
Scroph.  334,  359;  Gent.  296;  Eric. 
286  ;  Scab.  212  (12  viaita). 

silvarum,  L.  (9—14),  Fig.  15,  L.  T. 


Camp.  277,  278,  279,  280  ;  Jaa.  283 ; 

Comp.  246,  263. 
Cheloetoma  floriaomne,  L.  =iiiazillofa]ii, 

L.  (31—4),  L.  Th.,  Ran.  7,  8 ;  Campi 

280  ;  Comp.  274. 
nigricorae,  NyL  (4— 4J).  L.  T.  Sid. 

Th.,  Geran.  77,   78;   MaIt.    69,  72; 

Ech.  810  ;  Ub.  336  ;  Camp.  277,  278, 

279,  280,  281 ;  Comp.  225. 

CUi89a  (3  apecies,  16  visitB). 

Cilissa  hsmarrhoidalifl,  F.  (3 — 4),  L 
Sid.,  Malv.  69,  71 ;  Lab.  355  ;  Comp. 
277,  278,  279. 

leporina,  Pz,  =tricinctJ^  K.  (3i),  L 

Th.,  Sed.  162  ;  PapiL  100,   101,  94, 
92 ;  Jaa.  283 ;  Comp.  248,  246. 

melanura,  NyL  (3 — 4),  L.  Sid.  T., 


Th.,  Orch.  383  ;  Sed.  164  ;  Malv.  69 ; 
Lythr.  165;  Onagr.  169;  Roa.  134, 
135,  136,  100;  PapiL  91,  118,  119, 
116  ;  Ech.  310  ;  Bor.  300,  302,  304  ; 
Scroph.  321,  332,  334,  333  ;  Lab.  366, 
364,  359,  360,  356,  358,  353,  355, 
349,  346,  347  ;  Gent.  297  ;  Prim.  288  ; 
Eric.  286,  285;  Scab.  211,  212;  Jaa. 
283  ;  Comp.  240,  241,  257,  258,  259, 
246,  244,  268,  274  (48  viaita). 

terrestria,   including   lucoram,    L. 

(7—9),  L.  Sid.  T.  Th.,  Lil.  394,  393  ; 
Orch.  382,  384 ;  Groaa.  161  ;  Umb. 
194  ;  Clem.  1 ;  Ran.  5, 8, 11  ;  Aq.  13t ; 
Berb.  18;  DicL  22t;  Corycl.  23J, 
24J  ;  Cruc.  30  ;  SaL  378,  379  ;  Hyper. 
68  ;  Mac.  87  ;  Polygal.  51 ;  Cary,  57  ; 
Lythr.  165  ;  Onagr.  166 ;  Roa.  150, 
151,  135,  136t,  133,  128  ;  Papil.  90, 
lOO:,  92,  111,  108,  112,  118;,  119J, 
115  ;  Ech.  310 ;  Bor.  300t,  304 ; 
Scroph.  317,  320,  321,  323,  334J, 
335*,  333t  ;  Ub.  359t,  361J,  360*, 
856*,  353,  355,  349^,  342 ;  Ascl.  295  ; 
\inc.  293  ;  01.  291  ;  Plant.  368  ;  Prim. 
288t  ;  Eric.  286,  287,  284,  285  ;  Scab. 
211,  212  ;  Comp.  241,  242,  258,  255, 
250,  229,  239,  216,  268,  274  (79  viaite). 

vestalis,  Fourcr.  (Apathus)  (12),  L. 

Sid.  T.  Th.,  Ir.  387  ;  Roa.  135  ;  PapU. 
100,  117  ;  Ech.  310  ;  Scroph.  326  ; 
Lab.  349 ;  Vine.  293  ;  Eric.  285  ;  Scab. 
211,  212;  Comp.  253,  247,  214,  274 
(15  visits). 

Ceratina  cuTuIea,  Vill.  (4 — 5),  L.,  Ech. 

310  ;  Jas.  283  ;  Comp.  267. 
CUalicodomamuraria,  F.  (10),  Th.,  Papil. 

116. 

ChelosUnna  (3  8i)ecies,  25  visits). 
Chelostomacampanulanim,  K.  (3—34),  L. 
Sid.    T.    Th.,    Malv.  69  ;  Lab.  347t  ; 

'  I  only  lately  became  aware  of  the  identity  of 
tlie8e  Mpi'cies ;  I  have  placed  the  darker  varieties 
under  B.  mu»corum,  F.,  the  light-yellow  oues 
under  li.  »enill%  Sniitli. 


Lythr.  165 ;  Comp.  278. 

Cctlwxys  (6  species,  28  viaita). 

Ccelioxya  acuminata,  KyL,  Th.,  Comp. 

242. 
spec.,  L.,  Rob.  140  ;  PapiL  90  ;  Lab. 

349,  341  ;  AscL  295  ;  Comp.  211. 
eonoidea,  111.  =  pnnctatA,  Lep.  (6), 


L.  Th..  Papil.  116  ;  Ech.  810  ;  Ub. 
336 ;  Scab.  211  ;  Jas.  288  ;  Comp. 
255,  266. 

—  qnadridentata,  L.  =  oonica,  L.  = 
acuta,  NyL,  L.,  PapiL  96  ;  Ech.  310 ; 
Scab.  211 ;  Jaa.  283  ;  Comp.  242. 
aimplez,  NyL  (4J),  L.,   Bry.  171 ; 


Malv.  69  ;  Ech.  810  ;  Jas.  283  ;  Comp. 
218,  266. 

umbrina,  Sm.  =  parvula,  Scheneli:, 

L.  Th.,   Roa.   135  ;   Ech.   310 ;   Lab. 
336. 

ColleUs  (4  apeciea,  16  visits). 

Colletea  cunicularia,  L.  (3} — 4),  L.,  Salix 

377  ;  Eric.  285. 
Davieseana,  K.  (2 J),  L.  Sid.,  Onagr. 

169  ;  Papil.  108  ;  Comp.  225,  229,  227, 

234,  274,  270. 
fodiens,   K.   (24),  L.,  Papil.  100; 

Comp.  225,  234. 
marginata,  L.  (2),  L.,  Papil.  101  ; 

Jas.  283  ;  Comp.  227. 
Crocisa  scutellans,  Pz.  (7 — 7i),  T.  Th., 

Lab.  336. 
Dasypoda  hirtipes,  F.  (4J — 5),   Fig.  10, 

1.,  L.  Th.,  Jas.  283  ;  Comp.  248,  246, 

266,  263  (7  visits). 
Diphysis  serratula,  Pz.  (7—8),  L.  Sid.  T., 

Ros.  135  ;  Papil.  90, 100, 101, 108»,  120, 

265.  271,  117  ;  Ech.  310  ;  Eric.  287  ; 

Scab.  211  ;  Jns.  283  ;  Comp.  267,  267, 

271,  270  (15  vUits). 
Epeolus   variegatus,   L.  (13J),    L.,    Jas. 

283  ;  Comp.  248. 
Eucera  longicomis,  L.  (10 — 12),  L.  Sid., 

Orch.  383,  384 ;  Roa.   158 ;  PapiL  90, 
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100,  123,  126,  117,   116  ;   Ech.  810 ; 
Bor.  300  ;  Lab.  359  ;  01.  291 ;  Plant. 
868  ;  Caprif.  201  (15  visite). 
Halictoides  dentiventris,   Nyl.  (2 — 2 J), 
L.  Sid.,  Camp.  277,  278. 

Halidus  (82  speciea,  440  visits,  181  being 
to  •ComposUn), 

Halictns  albipes,  F.  =  obovatus,  K.  (in- 
cluding affinis,  Schenck),  L.  Sid.  Th.y 
Umb.  179,  177,  195  ;  Ran.  9  ;  Salix, 
878  ;  Geran.  76  ;  Malv.  69  ;  Polygon. 
871  ;  Ros.  135,  133,  127  ;  PapU.  103, 
108, 116  ;  Ech.  310  ;  Scropb.  326,  328  ; 
Lab.  842  ;  01.  291*  ;  Plant.  368;  Scab. 
211;  Camp.  279;  Jas.  283;  Comp. 
257,  248,  246,  229,  238,  223,  220,  221, 
268,  274,  262,  271,  272,  260  (37  visits). 

brevicornis,  Schenck,  Th.,  Comp. 

270. 


—  cylindricus,  F,  =fiilvocinctus,  K.  = 
malachunis,  K.  (3—4),  L.  Sid.  T.  Th., 
Lil.  893 ;  Umb.  172,  179,  194  ;  Ran. 
4,  6,  7,  9,  10  ;  Papav.  20,  21 ;  Cruc. 
30,  39  ;  Salix  378  ;  Geran.  76,  77,  78  ; 
Lin.  76  ;  Malv.  71 ;  Gary.  65 ;  Lythr. 
165  ;  Ros.  168,  135,  139,  127  ;  Papil. 
103,  110;  Ech.  810;  Solan.  316; 
Scroph.  319,  323t,  Lab.  862»,  363», 
842,  338 ;  Ascl.  296  ;  Plant.  368 ; 
Eric.  285  ;  Scab.  211, 212;  Camp.  278; 
Jas.  283 ;  Comp.  241,  242,  257,  248, 
263,  245,  246,  247,  225, 229,  288,  223, 
220,  221,  217,268,  263,  265,  274,  262, 
271,  272,  273,  269,  270  (65  visits). 

—  fasciatus,  Nyl.,  L.,  Jas.  283. 

—  flavipes,  F.,^=  seladonins,  F.  (2 J), 
L.  Th.,  Umb.  194  ;  Ran.  6,  7  ;  Papav. 
20  ;  Geran.  76 ;  Ros.  189,  141,  138  ; 
Pap.  90,  100,  106,  96,  116  ;  Scroph. 
822 ;  Eric.  286  ;  Camp.  280  ;  Jas. 
283  ;  Comp.  248,  220,  221,  263,  274, 
276,  278,  270  (26  visits). 

—  fnlvicomis,  K.,  L.,  Umb.  196. 
intemiptas,  Pz.,  Th.,  Umb.   176, 


196  ;  Comp.  257,  246  (4  visits). 
—  lencopus,  K.,  L.  Sid.  T.  Th.,  Umb. 
194 ;  Cruc.  84  ;  Ros.  189 ;  Scroph. 
828  ;  Lab.  862*  ;  Comp.  220,  274,  271 
(9  visits). 

leucozonios,  Schr.  (4),  L.  Sid.  T. 


Th.,  Orch.  384  ;  Umb.  191 ;  Ran.  7  ; 
Aq.  13 ;  Cruc.  40  ;  Geran.  77  ;  Ros. 
136,  140  ;  Scab.  211,  212  ;  Jas.  283  ; 
Comp.  257,  246,  226,  229,  220,  266, 
267,  268,  262,  271,  272,  278,  270  (24 
visits). 

longulus,  Sm.  =pauxi]lu8,  Schenck, 


L.  Th.,  Umb.  172,  189;  Ran.  7; 
Papav.  20 ;  Geran.  76,  77  ;  Con  vol  v. 
811 ;  Scroph.  324  ;  Lab.  838 ;  Comp. 
257,  248,  246,  243,  244,  223,  220,  263, 
274,  262,  271,  260  (21  visits). 
*■  According  to  F.  Smith  =s  H.  iMmiOonMii,  L, 


Halictus  lucidulus,  Schenck,  L.,  Cruc.  38; 

Geran.  77  ;  Ros.  136,  138  ;  Lab.  349*  ; 

Jas.    283 ;  Comp.  267,  246,  227,  274 

(10  visits). 
lucidus,  Schenck,  L.,  Ran.  9  ;  Ros. 

134. 


—  lugubris,  K.  =  laevigatus,  K.,  L. 
Th.,  Papil.  116  ;  I^b.  359  ;  Comp.  263, 
276,  273,  270  (6  visite.) 

maculutus,  Sm.,  L.  T.  Th.,  Umb. 


177,  182  ;  Ran.  7  ;  Papav.  20;  Geran. 
77,  78,  79  ;  Malv.  69  ;  Ros.  140  ;  Papil. 
98  ;  Lab.  338  ;  Camp.  279  ;  Comp.  257, 
268,  248,  246,  225,  229,  228,  234,  238, 
223,  220,  263,  274,  262,  271,  273  (28 
visits). 

—  minutissimus,  K.,  L.,  Lythr.  165  ; 
Comp.  217,  274. 

minutus,  K.  (2),  L.  T.,  Umb.  178  ; 


Comp.    257,    248,    246,    265,    262   (6 
visits) 

—  morio,  F.  (2),  L.  Th.,  Malv.  69,  70  ; 
Gary.  56  ;  Convolv.  Silt,  Scropb. 
321  ;  Lab.  846t ;  Comp.  225,  220,  273 
(9  visits). 

nitiaiusculus,  K.,   L.   Th.,  Gross. 


158  ;  Ran.  7,  9  ;  Cruc.  27,  38  ;  Geran. 
76  ;  Ros.  184 ;  Convolv.  311 ;  Ech. 
310  ;  Scroph.  328  ;  Lab.  846t,  338  ; 
Comp.  257,  248,  246,  227,  221,  274, 
262,  269,  260  (21  visits). 
—  nitidus,  Schenck,  L.  Th.,  Gross. 
168  ;  Ros.  148  ;  Ech.  810  ;  Lab.  346t, 
347,  342  ;  Comp.  238,  228,  236,  267, 
268,  274  (12  visits). 

quadricinctus,  F.,^  L.  Th.,  Umb. 


191  ;  Ran.  7  ;  Papil.  101,  94  ;  Ascl. 
296  ;  Comp.  240,  241,  242,  257,  258, 
225,  246,  220,  263,  264,  276,  262,  260 
(18  visits). 

—  quadrinotatus,  K.,  Th.,  Comp.  246. 

—  quadristrigatus,  Latr.,*  (6—7),  Th., 
Comp.  255. 

rubicund  us,  Chr.  (8 — 4  J),  L.  Th. 


Gross.  161  ;  Ran.  7  ;  Berb.  18  ;  JE&c. 
87  ;  Ros.  151,  162  ;  PapU.  90,  108  ; 
Eric.  286  ;  Scab.  212  ;  Comp.  240,  257, 
248,  246,  225,  229,  268,  264,  274,  276, 
262,  270,  260  (23  visits). 

Scabiosee,  111.,  Freiburg,  Hild.,  Ascl. 


295. 


sexnotatus,  K.  (2i— 4),  L.  T.,  Lil. 

388 ;  Umb.  177  ;  Clem.  1  ;  Thai.  2  ; 
Ran.  7  ;  Papav.  20,  21  ;  Cruc.  29  ;  Bry. 
I7lt  ;  Rhus  88  ;  Rut.  84  ;  Geran.  79  ; 
Gary.  63  ;   Ros.  150,  149,  134,  185; 

'  Dr.  Kricchbanmer  tells  nie  that  the  species 
described  by  Kirby  and  later  authors  as  H. 
qy4kdrieinetu»t  ¥.,  is  not  the  true  H.  ^uadri- 
einetui  of  Fabriciua,  but  a  distinct  species,  H. 
UtrojtoniMtt  Kl.  But  If.  quadri§trigatu»t  Latr., 
is  identical  with  H.  quadrieinetitt.  P.,  and  must 
receive  that  name,  aa  the  older  one.  (Gers- 
taecker,  Arekiv  /Ur  Nahtrff€$ekiehte,  Jahrg. 
xxxiv.  Bd.  I.) 
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131 ;    Papil.    126  ;    Bor.    301,    SOOt, 

Scroph.   818,  322;   L&b.    362t,  Eric. 

285;    Caprif.   201,   202,   200;   Scab. 

211  ;  Comp.  274,  262  (31  visits). 
Halictus  sexsignatas,  Schenck,  L.,  Ran. 

7  ;  Coiiip.  222,  274. 
sexstrigatus,  Schenck,  '-L.,  Papav. 

21  ;  Bry.  171t  ;  Rhns  88  ;"  Koe.  149, 

138,  139,  140,  141,  138  ;  Scroph.  825  ; 

Lab.   346t  ;   Eric.    285 ;   Comp.    270 

(13  visits). 

Snieathmanellus,   K.,    L.   T.   Sid. 


Th.,  Umb.  185  ;  Aq.  13  ;  Res.  42  ; 
Geran.  78  ;  Malv.  69  ;  Scroph.  819, 
821t ;  Camp.  277  ;  Comp.  257,  246, 
262,  271.  272,  278  (14  visits). 

tarsatus,   Schenck,    L.,    Pap.    98  ; 


Comp.  248  (2  visits). 
—  villosulns,  K.  =  ponctnlatos,  K., 
L.  T.  Th.,  Ran.  7  ;  Cist.  45  ;  Ros.  135. 
Con  vol  v.  311  ;  Jas.  283  ;  0>mp.  225, 
229,  266,  267.  264,  265,  274,  271,272, 
273,  270  (16  visits). 

zonulus,  Sm.  (4),  L.  Tekl.  Th.,  Sed. 


164  ;  Ran.  7  ;  Resed.  42  ;  GeraD.  76  ; 
Malv.  69  ;  Ros.  152,  149,  135,  142, 
131  ;  Papil.  101,  112  ;  Bor.  301,  808  ; 
Scroph.  321+,  322  ;  Ub.  366*  ;  I*rim. 
290»  ;  Comp.  257,  238,  274,  262  (22 
visits). 

spec,   L.,  Cruc.   81  ;   Geran.  80 ; 


Cary.  60.  53  ;  Ros.  145  ;  Ascl.  295t ; 

Plant.  367,  368  ;  Valer.  208  (10  visits). 
Heriades  truncomm,  L.   (4 — 4i),  L.  T. 

Th.,  Umb.   187  ;  Papil.  96  ;  01.  292  ; 

Scab.  211  ;  Comp.  248,  246,  225,  228, 

238,  223,  263,  264  (13  visits). 
Macropis  labiata.  Pz.  (2i — 3),  L..  Umb. 

187  ;  Rhamn.  86  ;  Ros.  136  ;  Prim.  290. 

MegachiU  (9  species,  77  visits). 

Megachile  argcntata,  F.,  (6)  L.,  Jas.  283  ; 

Comp.  266. 
centuncularis,    L.    (6 — 7),  L.  Sid. 

Th..  Lil.  388  ;  Sed.  162  ;  Umb.   194  ; 

Did.    22t  ;   Lythr.    165  :    Ros.    149  ; 

Papil.  108»  ;  Bor.  301  ;  Scroph.  321t ; 

I^b.  336  ;  Caprif.  201,  203  ;  Scab.  211  ; 

Comp.  257,  253,  246,  244,   224,  276 

(20  visits). 

circumciiicta,    K.  (8),  L.  Sid.   Th., 


Sed.  162;  Ros.  148,  149;  Papil.  90, 
100,  92,  108,  107, 117,  116  ;  Ech.  310  ; 
Scroph.  335  ;  Lab.  340  ;  Plant.  368  ; 
Scab.  211  ;  Comp.  242  (16  visits). 

—  lagoiKxla,  L.  (10),  Th.,  Umb.  191  ; 
Comp.  242,  257,  255,  251,  246  (6 
visits). 

—  ligiiiseca,  K.,  L.  Th.,  Malv.  69  ; 
Comp.  258. 

maritima,  K.,  L.  (8—9),  Sed.  163  ; 


Papil.  101,  92, 120,  117  ;  Scroph.  320  ; 
Scab.  211  ;  Jas.  283;  Comp.  259,  250 
(9  visit.s). 


Megachile  pyrina,  Lep.  —  M.  fiuciata,  Sm.^ 

(9),   L.  Sld.  Th.,   Papil.  90,   08,  92*. 

124  ;  Ub.  864,  346,  336  (7  Tirita). 
versicolor,  Sm.,  L.  Sld.  Th.,  Ptp. 

92,    108,   120,    117  ;    Comp.    246  ^5 

visits). 

whloghbieUa,  K.  (6^—7),  L.  Sld. 


Th.,  Malv.  69;  PapU.  90,  98.  108», 

117  ;  Ech.  810  ;  Lab.  854,  8d«  ;  Scab. 

211 ;  Comp.  266  (10  visits). 
Melecta  armata,  Pz.  =  puoctata,  K.  (UK 

L.  T.,  Lab.  358,  361. 
luctnosa.  Scop.  (10),  L.  Th.,  EcL 

810. 

Nomada  (21  species,  85  visits). 

Nomada  altemata.  K.  =  N.  Manhamella, 

K.,  L.,  Comp.  274. 
armata,  Schaeff.  =  N.  cinctioomis, 

Nyl..  L.,  Scab.  211. 
Fabriciana,  L.,  L.,  Corjd.  28t ;  Ros. 

135  ;  Scab.  211 ;  Jas.  283  ;  Comp.  267. 
fermginata.  K.,  L.  Sld.  Th.,  Sed. 


162  ;  Umb.  194  ;  P*pU.  94  ;  Eric  285 ; 
Comp.  288. 

—  flavoguttata,    K.,    L.,    Cary.   65 ; 
Comp.  217,  274. 

—  furva,    Pz.   =    minuta,    F.,    L, 
Comp.  288. 

germanica,  Px.,  I^.  T.»  Lsb.  340 ; 


Comp.  266. 
—  Jacobs®,  Pz.  (4),  L.,  Ouagr.  166 ; 
Lab.  358  ;  Scab.  811 ;  Jas.  283  ;  Comp. 
248 

lateralis,  Pz.,  L.,  Th.,  Umb.  195 ; 


Ouc.  30  ;  Hyper.  68 ;  HalF.  69  ;  Ros. 
135  ;  Scroph.  330. 

—  Lathbnriana.  K.  =  mfiventiis,  K., 
L.,  Salix  378  ;  Comp.  274. 

—  lineola,  Pz.  (6),  L,  Croc  30  ;  Salix 
378  ;  Hyper.  68  ;  Ros.  186  ;  Scab.  817  ; 
Jas.  826  ;  Comp.  248,  217,  274. 

Digrita,   Schenck,    L.,    Jas.    288; 


Comp.  248. 

—  Roberjeotiana,  Pz.,  L.  Th.,  Umb. 
172 ;  Onagr.  166  ;  Jas.  283  ;  Comp 
849. 

—  mficomis,  L.  =  flava,  Pz   (8 — i\\ 
L.  Sld..  Salix  378 ;  Car}-.    65  ;   Ros. 
152,   161,   135,   138,  139;    Pap.    90 
Eric.  285 ;  Jas.  283 ;  Comp.  225,  274. 

sexfasciata.  Pz.  (7),  L.,  Orch.   384 


Ros.  138  ;  Ech.  810. 

—  solidaginis.  Pz.,  L.  T.,  PapU.  94 
Eric.  286*  ;  Comp.  248,  220. 

—  si^ata,  Jur.,  L.,  Salix  378  ;  Ros. 
152,  153,  139  ;  Comp.  274. 

succinct  1,  Pz.  (6i — 7),    L.,    Salix 


378  ;  Ros.  140,  127  ;  Comp.  267,  274. 

'  According  to  Dr.  Kriechbanmer  identical 
with  JIf.  pyrina,  Rmith.  bat  not  with  M.  jffrinm^ 
Lep.,  identical,  however,  with  Jf  erierioniM, 
Lep.,  which  name  is  the  oldest,  and  has  piioritj 
orer  M.  fa$eiata,  Sm. 
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Nomada  Taria,  Pz.  =facata,  Pz.  (5^ — 6), 
L.  Th.,  Salix  878  ;  Papil.  94  ;  Lab.  349  ; 
Jas.  283  ;  Ck>inp.  238,  274,  276. 

zanUioBticta,  K.,  L.,  Ros.  140. 

zonata,  Pz.,  L.  T.  Th.,  Comp.  225, 

276. 


Osmia  (13  species,  100  visits). 

Osmia  adunca,  Latr.  (10),  L.  T.  Sid.  Th., 
Pap.  117  ;  Ech.  310. 

anea,   L.   (9—10),   L.    Sid.   Th., 

Malv.  69  ;  Papil.  90,  100,  92  ;  Ech. 
310  ;  Scroph.  320  ;  Lab.  366,  364,  359j 
349,  336  ;  Scab.  211  ;  Comp.  258,  246. 

aurulenta,   Pz.   (8—9),   Sid.   Th., 

Pap.  90,  94,  91,  92,  116  ;  Lab.  364  ; 
Comp.  246. 

csementaria,     Geret.   =  Spinola?, 

Schenck,  Th.,  Papil.  101 ;  Ech.  810. 

comuta,  Litr.  (8 — 9),  L.,  Ros.  129. 

fulviventris,  Pz.,  L.  Th.,  Lab.  864  ; 

Scab.  211  ;  Comp.  255,  245,  246. 

fasca,  Chr.   =  bicolor,  Schr.  (8), 

L.  Sid.  T.  Th.,  Orch.  384  ;  Ran.  4,  8  ; 
Viol.  49  ;  Geran.  78 ;  Ros.  135,  139  ; 
PapU.  112 ;  Ech.  310 ;  Palm.  304  ; 
Lab.  366,  349  ;  Comp.  274. 

interrupta,  Schenck,  L.  Th.,  Papil. 


90. 


leucomelsena,  K.  {6  2^,  9  34 — 4), 
L.,  Ech.  310  ;  Scroph.  320  ;  Comp.  225. 
—  pilicomis,  Sm.,  L.,  Palm.  304. 

rafa,  L.  =  bicomis,  L.  (7 — 9),  L. 


T.,  lil.  394,  388  ;  Ir.  387t ;  Orch.  388  ; 
Clem.  1 ;  Ran.  7, 11 ;  DicL  22t ;  Croc. 
30 ;  Viol.  47,  49 ;  Salix  378  ;  Mac. 
87  ;  Geran.  77  ;  Gary.  66,  57  ;  Ros. 
150,  153,  133,  127, 129  ;  PapU.  118t, 
119  ;  Ech.  310  ;  Bor.  804  ;  Lab.  866, 
349,  346,  847,  836  ;  Vine.  291,  293  ; 
Prim.  288* ;  Eric.  285  ;  Comp.  217, 
274  (37  visits). 

—  spinalosa,  K.  (5).  Abandant  in 
Thuringia,  nesting  in  empty  shells  of 
ffelix  ericetorum,  Papil.  116  ;  Comp. 
257,  258,  255,  246,  225,  238,  268,  264, 
276,  262,  260  (12  visits). 

—  spec,  L.,  Pap.  96. 
villosa,  Schenck  (according  to  Dr. 


Kriechbaamer,  identical  with  b.  platy- 
cera,  Gerst.),  Sid.,  Papil.  108. 

Panurgus  (2  species,  16  visits). 

Panargas    Banksianas,    Latr.  =  P.    ater, 

Latr.  (3),  L.  T.  Th.,  Comp.  263,  265, 

276,  270. 
. calcaratas,  Scop.  =  P.  lobatos  F.  (8), 

L.  T.  Th„  Ran.  7  ;  Onagr.  169  ;  Comp. 

266,  267,  268,  263,  265,  276,  262,  271, 

273,  270  (12  vUits). 


Frosopis  (15  species,  88  visits). 

Prosopis  annalaris,  Sm.,  Th.,  Lil.  388  ; 

Res.  42. 
armiUata,  NyL  (IJ),  L.  T.  Sid.,  Sed. 

162 ;  Umb.  173,  192,  194,  186 ;  Cruc. 

38  ;  Res.  42,  43  ;  Hyper.  68  ;  Polygon. 

371 ;  Ros.  140  ;  Comn.  271  (13  visite). 
brevicorni8,Nyl.,  L.,Sed.  162;  Umb. 

177. 

clypearis,  Schenck.,  Th.,  Umb.  179. 

commanis,  Nyl.  (1— li),  L.  T.  Th., 

Umb.  177,  179,  192,  186  ;  Crac.   38  ; 

Res.  42,  43  ;  Rhas  89  ;  Geran.  76,  77  ; 

Malv.  69;  Gary.  63;  Ros.  148, 149, 135, 

138, 130;  Scroph.  317,  327;  Lab.  346t; 

847t ;  Jas.  283 ;  Comp.  248,  229  (24 

visits). 
dilatata,  K.,    L.,  Malv.  69  ;  Jas. 

283. 

excisa,  Schenck.',  L.,  Ros.  135. 

hyalinata,  Sm.  -  P.  confasa,  Nyl. , 


L.  Th.,  Ran.  7 ;  Geran.  77  ;  Malv.  69  ; 
Gary.  63  ;  Ros.  140  ;  Ech.  310  ;  Camp. 
277,  278,  279,  282  ;  Jas.  283 ;  Comp. 
248. 

—  pictipes,  Nyl.,  L  ,  Res.  42  ;  Malv. 
69  ;  Jas.  283  ;  Comp.  225. 

—  propinqul^  Nyl.,  L.,  Ros.  149. 

—  pQnctuIatissima,Sm.  =  P.  obticanita, 
Schenck,  Th.,  Lil.  4  ;  Comp.  246. 

—  signata,  Pz.  (IJ),  L.  Th.,  Umb.  173; 
Clem  1 ;  Thai.  22;  Res.  42  ;  Malv.  69; 
Ros.  343 ;  Scroph.  317  ;  Comp.  233  (8 
visits). 

sinaata,  Schenck,  L.  Th.,  Umb.  192, 


195  ;  Rat.  84 ;  Comp.  248. 

—  variegata,  F.,  L.  Th.,  Sed.  162; 
Umb.  188,  191,  190,  195 ;  Ros.  135  ; 
Jas.  283  ;  Comp.  248,  225. 

—  spec.,  L.,  Umb.  187, 190  ;  TiL  73. 


Psithyras.      The  species  of  this  genat 

are  referred  to  Bombus. 
Rhophitoides    canus,    Eversm.   (2} — 8), 

Th.,  Papil.  90,  94. 
Rhopbites  halictala,  Nyl.,  L.,   Jasione 

283. 
vulgaris  (Dufonrea),   Schenck    (2), 

T.  Th.,    Comp.    263,   264,  265,  262, 

273,  279,  270. 
Saropoda  bim&culata,  Pz.  =S.  rotundata, 

Pz.  (9),  L.   Th.,  Hyper.    68;  Lythr. 

166  ;  Ech.  310;  Scroph.  365  ;  Lab.  340; 

Eric.  287  ;  Jas.  283 ;  Comp.  257,  255 

(9  visits). 
Sphecodes  gibbas,  L.  (including  rufescens, 

ephippia,  etc.)  (IJ),  L.  T.  Sid.  Th.,  Sed. 

162  ;  Gross.  158  ;  Umb.  176,  181,  188, 

192,  194,  195,  183  ;  Coryd.  22  ;  Croc. 

33 ;  Salix  378; Geran.  78;  Fagopyr.  369; 

Onagr.  166  ;  Ros.  140;  Jaa.  288;  Coipv^ 

248,  225,  229,  288,  284,  228,  817. 

269,  270  (28  visita). 
Stelis  aterrima,  Pz.  (5— 5)),  Th.,  I 
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131  ;  Papil.  126  ;  Hor.  801,  SOOt, 
S<:n>pli.  818,  822;  Lab.  862t,  Erie. 
285 ;  Caprif.  201,  202,  200  ;  Scab. 
211  ;  Coiiip.  274,  262  (31  visits), 
llnlictus  sexsignatus,  Schenck,  L.,  Ran. 
7  ;  C'oiiip.  222,  274. 

si^xstrigntus,  Schonck,  '-L.,  Papa  v. 

21  ;  Bn-.  171t  ;  Rhus  88  f  Kos.  149, 
188,  18y,  140,  141,  183  ;  Scroph.  825  ; 
J/iIl  84t5^  ;  Kric.  2«5  ;  C'cmp.  270 
(18  visits). 

Siuciithniandlus,   K.,    L.    T.   Sid. 

Th.,  Uinb.  185  ;  A(i.  18  ;  Res.  42  ; 
(Jeniii.  78  ;  Malv.  69  ;  StToph.  819, 
821t :  (.'iiiiip.  277  ;  Couip.  257,  246, 
262,  271,  272,  273  (14  visits). 

tarstitus,   Sclu'iick,    L.,    Pap.    98  ; 

Coiiip.  248  (2  visits). 

villosuluH,   K.  =  puuctulatus,  K., 

L.  T.  Th.,  Ran.  7  ;  Cist.  45  ;  Ros.  185, 
Con  vol  V.  811  ;  .Tas.  288  ;  Comp.  225. 
229,  266,  2r)7.  264,  265,  274,  271,  272, 
278,  270  (16  visits). 

zonulus,  Sm.  (4),  L.  Tekl.  Th.,  SchI. 

164  :  Run.  7  ;  Rt-st'd.  42  ;  Geran.  76  ; 
Mulv.  69  ;  Ros.  152,  149,  185,  142, 
131  ;  Pupil.  101,  112  ;  Hor.  801,  308  ; 
Soropli.  321+,  322  ;  liiib.  866*  ;  l*rim. 
290»  ;  Comp.  257,  288,  274,  262  (22 
visits). 

siHM'.,    L.,  Cruc.   31  ;   Geran.  80  ; 

Carv.  (50,  58;  Ros.  145:  Ascl.  295t  ; 
Plant.  867,  868  ;  Valer.  208  (10  visits). 
Horiades  truucoruni,  U  (4 — ij),  L.  T. 
'J'h.,  Unib.  187  :  Papil.  96  :  01.  292  ; 
Scih.  211  ;  Comp.  248,  246,  225,  228, 
288,  228,  268,  264  (18  visits). 
MaiTopis  lubiata,  Pz.  (2A — 8),  L.,  Unib. 
187  ;  l{hamn.  Sij ;  Uos.'lSS  :  l»rim.  290. 

Mfijachilc  (9  spcrios,  77  visits). 

Megachilc  arguntala,  F.,  (6)  L.,  Jas.  283  ; 

Comp.  266. 
centunoularis.    L.    (6 — 7),   L.   Sid. 

Th..  Lil.  888  :  Sed.  162  ;  Umb.  194  ; 

Diol.    22»-:    Lythr.    165:    Ros.    149; 

Papil.  10S»  :  Ror.  301  ;  Scroph.  821t  ; 

I^b.  386  ;  Caprif.  201,  208  ;  Scab.  211  ; 

Comp.  257,  258,  246,   244,   224,  276 

(20  visits). 
circumcincta,    K.  (S),  L.  SM.   Th., 

Scd.  162  ;  Ros.   148,   149  :  ]»apil.  90, 

100,  92, 108,  107, 117,  116  :  Kch.  810  ; 

SiToph.  835;  I-ib.  340:  Plant.  868; 

Smb.  211  :  <'omp.  242  (16  visits). 
lagoiMHla,   I^.  (10),  Th.,  Vmb.  191  : 


Comp.    242.    257,    255,    251,    246   (6 
visits). 

—  li^^'nisi'ca,    K.,  L.  Th.,   Malv.  69 ; 
Comp.  258. 

maritima,  K.,  L.  (8—9),  Sfd.  163  ; 


Hegachile  pyrina,  Lep.  ■=-  M.  fan-  i 

(9),   L.  Sld.  Th.,   Pai>il.  90. 

124  ;  LAb.  864,  346,  336  (7  n-jN 
versicolor,  Sm.,   L.  Sld.  in  . 

92,    108,   120,     117  ;    Comp.  2*» 

visits ) 

Whlughbiclla,  K.  (64—7).  L  - 


Th.,   Malv.  69  ;   Papil.  90,  9^  .     , 

117  ;  Ech.  810  ;   Lab.  354,  336 ;  .?  . 

211  ;  Comp.  266  (10  visits). 
Melecta  armata,  Pz.  =  punctata,  K.  •:: . 

L.  T.,  Lab.  368,  361. 
luctuosa,  Scop.  (10),  L.  Th.,  Tl 

310. 

Naniada  (21  species,  85  visit«). 

Xomada  alternata,  K.  =  N.  Marsh.io>^iti 

K.,  L.,  Comp.  274. 
armata,  Schaeff.   =  N.  cincticorais, 

Nyl.,  L.,  Scab.  211. 

Fabiiciana,  L.,  L.,  Coiyd.  23^  ;Ii 


135  ;  Scab.  211 ;  Jas.  283  ;  Comp.  :.:. 

fermginata,  K.,    L.  Sld.  Th.,  >^^i 

162  ;  Umb.  194  ;  Papil.  94  ;  Eric.  S; . 
Comp.  288. 

flavoguttata,    K.,    L.,    Car**.  63 

Comp.  217,  274. 

furva,    Px.    =    minata,    F.,   L. 

Comp.  288. 

germaiiica,   Pi.,  Jj.  T.»  Lab.  34!' : 

Comp.  266. 
Jacobswe,  Pi.  (4),  L.,  Ouagr.  1*5. 

Lab.  358  ;  Scab.  311  ;  Jas.  283  ;  CoOi^ 

248. 
lateralis.  Pz.,  L.,  Th.,  Umb.  195: 

Cruc  80  ;  Hyper.  68  ;  Hair.  69  :  Ecs. 

135  :  Scroph.  830. 
I^thburiana,  K.  =  mfiventxis  K. 

L.,  Salix  878  ;  Comp.  274. 
lincola,  Pz.  (6),  L,  Cruc.  30  :S*Iix 

878  ;  Hyi>er.  68  ;  Ros.  185  ;  Scab-SiTi 

Jas.  826  ;  Comp.  248,  217,  274. 

nigrita,   Schenck,    L.,    Jas^   2S3; 

Comp.  248. 

Roberjeotiana,   Pz.,   L.   Th.,  VvA- 

172  ;   Onagr.  166  ;   Jas.    283  ;  Com^^ 
349. 


—  mficoniis,  L.  =  flava.  Pi  (8—4}'. 
L.  SM.,  Salix  378  ;  Cary.   65 ;  R» 
152,   161,   135,   138,   139;    Pkp.  » 
Eric.  285  :  Jas.  283  ;  Comp.  225,  27^ 
sexfasciata.  Pz.  (7),  L.,  Orch.  SS<- 


Ros.  188  :  Ech.  810. 
solidaginis.  Pz.,   L.  T.,  PkpU.  W: 

Eric.  286»  ;  Comp.  248,  220. 
sifniata,  Jur.,  L.,  Salix  378  ;  R» 

152,  153,  139  ;  Comp.  274. 

succiucti,  Pz.   (6  J — 7),    L.,  SJix 


Papil.  101,  92, 120.  117  ;  Scrojih.  820  : 
Scab.  211  ;  Jas.  283  ;  Comp.  259,  250 
(9  visltaV 


378  ;  Roa.  140,  127  ;  Comp.  257,  27i 

'  Arconlini;  to  Dr.  Kriechhanmer  k]<Dti» 
with  M.  pyrina^  Smith,  but  ni>t  with  M.  ffriM. 
Lep.,  iilciiticAl.  howevtr.  with  3f  m'rrlpn» 
I^p. ,  which  name  is  the  oldest,  and  lus  priod? 
orer  M.  fa$eiata,  Sm. 
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Goirtes  campestris,  L.^  (1),  L.  Sid., 
Umb.  179,  177,  194;  Pam.  157; 
Rhus  88. 

mystaceufl,  L.  (1),  L.  T.,  Clem.  1  ; 

Bry.  171  ;  Roe.  134. 

Hoplisus  laticinctuB,  Iiep.i(l),  Th.,  Umb. 

179, 185. 
Lindenius  albilabris,  F.,  L.,  Liab.  840  ; 

Jas.  283  ;  Comp.  248,  253,  225. 
Mellinus  arYensis,  L.,  L.,  Comp.  284. 

sabulosuB,  Dlb.,  L.,  Jas.  233. 

Mimosa  bicolor.  Shuck,  Th.,  Umb.  194. 
unicolor,  v.  d.  L.,  L.  Th.,  Umb, 

194. 
Miscus  campestris,   Liatr.  (4),    L.    Th., 

All.  398 ;  Rob.  135 ;  Jas.  283. 
Mutilla  europsea,  L.  (1^),  Th.,  Umb.  193, 

195. 
Myrmosa  melaoocephala,    F.,    L.    Th., 

Umb.  179,  192,  183. 
Kysson  maculatus,  v.  d.  L.,  Th.,  Umb. 

191. 
Oxybelus  bellicosus,  01.,  L.,  Umb.  179, 

196  ;  Jas.  283. 
bellus,  Dlb.  (14  guttatus,  Sh.),  L., 

Sed.  162 ;  Umb.  179 ;  Cruc.  38  ;  Rut. 

84  ;  Ros.  141,  142  ;  Comp.  225. 
bipunctatus,   01.,   L.,   Umb.   179, 

188,  195. 

mandibularis,  Dlb.,  L.,  Jas.  283. 

trispiuosus,  F.,  L.,  Comp.  248,  225, 


229. 


uniglumis,  L.  (1  J),  L.  T.,  Sed.  162  ; 

Umb.  179,  192,   194,  196,   195,  186; 

Clem.    1,   7 ;    Cruc.   38 ;    Rhus.    88 ; 

Til.   73;  Cary.    55;    Ros.    135,    138, 

140,  141,  142,  183  ;  Jas.  283 ;  Comp. 

248,  225,  229,  233  (23  visits.) 

spec,  L.,  Geran.  79. 

PassaloBCUs  monilicornis,  Dlb.,  L.,  Ros. 

183. 
Philantbus  triaogulum,  F.    (2 — 2)),   L. 

Th.,   Umb.  172,  179,   190,    194;  Jas. 

283  ;  Comp.  248,  225. 
Pompilus  chalybeatus,  Schi.,  L.,  Comp. 

225. 

cinctellus,   v.  d.   L.,    Th.,    Umb. 

192. 

intermedius,     Schenck,     L.     Th., 

Umb.  195,  184. 

neglectus,  Wesm.,   L.   Th.,  Umb. 


179,  192,  195,  185  ;  Ros.  133. 

—  niger,  F.,  L.  T.,  Umb.  179,  195. 

—  pectiuipes,  v.  d.   L.,   L.   T.   Th., 
Umb.  194,  186,  183. 

—  plumbeus,  Dlb.,  L.,  Comp.  225. 
rnfipes,  F.,  L.,  Jas.   283  ;   Comp. 


225. 


spissus,  Schi.,  L.,  Umb.  179, 186. 


'  According  to  Frederick  Smith  the  original 
specimens  of  Goryte$  eampettrii^  L.,  in  Linnaeus' 
collection  are  only  males  of  0.  myttaeeu*.  L. ; 
and  the  insect  called  O.  eampeitrUt  L.,  in  this 
book  must  be  called  Q.  Fargeif  Shuck. 


Pompilus   trivialis,   El.,  L.,  Umb.  188» 
174 :   Fagop.  369  ;  Comp.  225. 

viaticus,  Scop.*  (F.,  not  L.!)  (1 — IJ), 

L.  Sid.  Th.,  Umb.  188,  189,  191,  194, 
195,  185  ;  Parn.  167  ;  Hott.  289  ;  Jas. 
283  ;  Comp.  225,  222,  264,  271. 
spec,  L.,  Com.  197. 


Priocnemis  bipunctatus,  F.,'  Th.,  Umb. 

172,  191. 
exaltatus,  F.,  Th.,  Umb.  194. 

obtusiventris,    Schi.,    Th.,    Umb. 

191,  195. 

Psammophila  affinis,  K,'  L.  Th.,   Pap. 

».  101  ;  Ech.  310 ;  Lab.  348 ;  Ascl.  296  ; 

Scab.  211  ;  Jas.  283  ;  Comp.  269,  265. 

viatica,   L.,    L.   Th.,  Umb.  191 ; 

Veron.  327  ;  Scab.  211. 

Psen  atratus,   Pz.  (i— J),  L.  Th.,  Umb. 

192 ;  Ros.  133. 
Rhopalum  clavipes,  L.,  L.,  Rut.  84. 
Salius  sanguinolentus,  F.,  L.,  Comp.  248. 
Scolia    bicincta,     hortorum,    4punctata 

(3i),  Ascl.  295. 
Tachytes  pectinipes,  v.  d.   L.,*  L.  Th., 

Umb.  191,  192  ;  Jas.  283. 

unicolor,  Pz.,  Th.,  Umb.  192. 

Tiphia  femorata,  F.,  L.  Th.,  Umb.  172, 

191,  192,  193,  194,  195. 

minuta,  v.   d.  L.,  L.,  Cruc.  27  ; 

Rut.  84. 

ruficornis,  Kl.  (1),  L.,  Umb.  188. 

Trypoxylon  clavicerum,    Latr.  (J),  Th., 

Umb.  192. 
figulus,  L.  (J),  L.,  Rut.  84. 

G.  TenthredinicUe  (38  species,  125  visits). 

Athalia  roP»,  L.,  L.  Th.,  Umb.  178, 188, 

190,  194,  195,  185,  183. 
spinarum,  F.,  L.,  Umb.  177  ;  Fagop. 

369. 
Cephus  pallipes,  KL,  L.,  Ran.  8  ;  Cary. 

65. 

spiuipes,  Pz.,  L.,  Ran.  7  ;  Cruc.  40. 

troglodytes,  L.,  L.,  Umb.  177. 

spec,   L,   Ran.    7,    8;  Cruc    40; 

Comp.  267,  274. 
Cimbex  sericea,  L.,  L.  Sid.,  Umb.  179, 

177,  181,  194;  Comp.  229. 
Dolerus  cenchris,  Htg.,  T.,  Umb.  183. 
eglanteri8B,    F.    (J— 1),    L.,   Umb. 

177  ;  Salix  378,  379. 

*  According  to  Frederick  Smith  the  specimens 
of  this  species  in  LinnsBUs'  coUection  are  identi- 
cal with  Sphem  fu$ea,  L.,  and  the  species  must 
therefore  be  called  P.  f'uteut,  L. 

»  According  to  F.  Smith  =  P.  voHaM/ic,  Rossi. 

3  According  to  F.  Smith  this  species,  from 
the  original  type-specimens  in  Fabrfcius'  collec- 
tion in  Kiel,  is  identical  with  P.  lutaria,  F:, 
which  name  has  priority. 

4  According  to  F.  Smith  the  Linnaoan  type- 
specimens  of  Spheas  peetinipe*^  F.,  show  it  to 
be  a  Pomp^liM,  and  what  is  called  TaehyU» 
peetiniptM,  L.,  in  this  book,  must  be  called  3*. 
pompiliformitf  Pz. 


nstulata,  L.,   L.  Sid.,   Umb.   179, 

194,  14. 
vulgaris,  Kl.,   L.  Th.,  Umb.   179, 

194. 
Macrophya  neglecta,  KL,  T.,  Umb.  185. 
Nematus  capnese.  L.,  L.,  Ros.  151. 

hortensis,  Htg.,  L.,  Umb.  185. 

myoflotidis,  F.,  T.,  Umb.  185. 

rafeacens,  H.,  L.,  Salix  378. 

vittatua,  Lep.,  L.,  Umb.  186,  174. 

Sdandria aerva,  ¥.  (J— 1),  L.,  Umb.  179, 

177,  181,  194,  195,  185. 
Tarpa  cephalotea,  F.,  Th.,  Comp.  238. 
Teothredo  annulata,  F.,  L.,  Umb.  194, 

185. 

atra,  L.,  L.,  Umb.  179. 

bicincta,  L.,   L.  Sid.,  Umb.   181  ; 

Roe.  133. 
bifasciata,  L.,  L.  Th.,  Umb.  179, 

177,  181,  194,  183. 
flavicornis,  L.,  T.,  Umb.  179,  184, 

182. 

marginella,  KL,  L.,  Rhua  88. 

notha,  Kl.  (IJ),  L.  T.  Th.,  Sed.  164  ; 

Umb.  179,  177,  181,  178,   189,   194, 

196,  195,  185,  184,  183;  Comp.  238, 

225,  229,  227. 
ra[>ie,  KL,  L.,  Umb.  185  ;  Rabiac. 

206. 
ruatira,  L.,  L.  T.,  Umb.  185,  184 ; 

Rob.  134. 
scrophiilarife,  L.,  L.  T.,  Onagr.  166  ; 

Comp.  225,  229. 

tricincta,  F.,  L.  T.,  Umb.  177, 194. 

spec,  L.  Th.,  Umb.  179,  177,  181, 

192,   193,    194,    18.5.   184,   183,   174; 

Hyper.  68*  ;   Ros.  134  ;   Papil.  96*  ; 

Comp.  248,  225,  229,  272. 

H.  Veapidce  (18  species,  74  visits). 

Eumenespomiformis, Rossi (2),  L.,  Umb. 
198 ;  Bry.  171  ;  Rhamn.  86 ;  Rhus 
88. 
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Eaclidia  glyphica,  L.  (7),  L.,  Ran.  7  ; 
Cruc.  40  ;  Cary.j  57  ;  Papil.  90t,  94t, 
116t ;  Scroph.  334  ;  Lab.  366  ;  Scab. 
211  r-Comp.  249. 

Mi,  L.,  L.,  Comp.  267. 

Hadena  didyma,  Esp.,  L.,  Ck>iDp.  234. 

Mamestra  sereoa,  S.  Y.,  Th.,  Scab.  211. 

Plusia  gamma,  L.  (15),  L.  Th.,  Lin.  75  ; 
Dianth.  53,  54 ;  Papil.  100,  94,  lllf, 
122t,  116t ;  Ech.  310  ;  Bor.  302  ;  Lab. 
353,  346t ;  Eryth.  298  ;  Caprif.  202  ; 
Scab.  212 ;  Comp.  257,  269,  253,  246, 
244,  221,  271,  273  (23  visits). 

D.  Khopalocera  (46  species,  259  visits). 

Argjmnis  AgLda,  L.,  Sid.  Th.,  Lab.  340  ; 

Comp.  248,  237. 
Paphia,  L.,  Th.  Westf.,  Umb.  190  ; 

Ros.  135 ;  Lab.  871 ;  Comp.  214. 
Colias  Hyale,  L.,  L.  Th.,  Dianth.  68  ; 

Papil.  94  ;  Ech.  310  ;  Lab.  364  ;  Scab. 

211  ;  Comp.  257,  256,  271,  260. 
(Rhodocera)   rharani,   L.,   L.   Sid. 

Th.,   Crnc.   80;    Viol.    47,    48,    49; 

Dianth.  53  ;  Lythr.  166  ;  Papil.  122  ; 

Bor.  304;  Lab.  366,  350  ;  Comp.  249, 

274. 
Hesperia  (Syrichthus)  alveolus,  Hb.,  L. 

Sid.,  Viol.  49  ;  Papil.  90t ;  Lab.  366  ; 

Comp.  229,  274. 
lineola,  0.,  L.,  Umb.  196 ;  Scab. 

211  ;  Comp.  214. 
(Carterocephalus)    Paniscos,  ^Esp., 

L.,  Ros.  135. 
silvanuA,  Esp.,  L.  Sid.,  Hyper.  68* ; 

Malv.  72  ;  Cary.  59 ;  Papil.  100,  122 ; 

Ech.  310 ;  Lab.  355  ;  Comp.  248,  253, 

225,  272. 

(Erynnis)  Tagea,  L.,  L.,  Papil.  90t. 

thaumas,  Hra.  (linea,  S.    v.),   L., 

Papil.  100,  101,  94t ;  Bor.  303  ;  Jas. 

283  ;  Comp.  257,  223. 

spec,  L.  Th.,  Delph.  15t;  Viol. 


49  ;  PapU.  98t,  94t ;  Lab.  366  ;  Comp. 

229,  274. 
Lycseoa   i£gon,    S.   V.,  L.,  Jas.    283 ; 

Comp.  225. 
Alsns,  S.  v.,  Th.,  Papil.  91*  ;  Comp. 

221. 
Argiolns,  L.,  L.,  Salix  378  ;  Papil. 

94  ;  Lab.  355  ;  Eric.  285  ;  Comp.  267. 
learns,  Rott.  (Alexis,  S.  V. ),  L.,  Ran. 

7  ;  Cary.  57  ;  PspU.  90t ;  Bor.  307  ; 

Lab.  340  ;  Comp.  268. 

spec,  L.  Th.,   PapU.   94t,   116t ; 


Ech.  310  ;  Comp.  257,  223,  214. 
Melitsea  Athalia,   Esp.,   Sid.   Th.,   Lil. 

391  ;  Papil.  355 ;  Comp.  268,  230. 

Cinxia,  L.  (10),  L.,  Ech.  310. 

PapUio  Machaon,  L.  (18),  L.  Th.,  Lil. 

391  ;  01.  291  ;  Scab.  210. 
Podalirins,  L.,  L.,  Lab.  366;  OL 

291. 


Pieris  brassicFB,  L.  (15),  L.  Th.,  Crnc. 

30,  34  ;  Viol.  48  ;  Fagop.  869  ;  Cary. 

57,  59  ;  Ros.  129  ;  Papil.  98t,  100,  94  ; 

Ech.  310  ;  Bor.  309  ;  Lab.  366,  364, 

353,  349,  348  ;  01.  291  ;  Comp.  257. 

248,  250,  258,  246,  267,  264,  275,  262 

(27  visits). 
(Anthocharis)  cardamines,  L.  (11 — 

12),  L.,5Cruc.  30  ;  Viol.  48  ;  01.  291. 

crategi,  L.  (17),  L.,  Ros.  135. 

napi,  L.  (11),  L.,  Cruc.  30,  34,  36 ; 


Viol.  48,  49  ;  Bry.  171  ;  Geran.  82 ; 
Fagop.  369 ;  Cary.  65 ;  Ros.  185  ; 
PapU..  115t;  Bor.  809;  Lab.  366; 
01.  291  ;  Comp.  257,  253,  245,  225, 
266,  274  ;  \aler.  209  (23  visits). 
rap»,  L.  (12),  L.,  Umb.  196  ;  Cruc. 


34,    36  ;   VioL    48,    49  ;    Geran.   76 ; 

Malv.  69  ;  Polygon,  371  ;  Dianth.  52 ; 

Cary.  57  ;  Lythr.  165  ;  Ros.  129  ;  Pa- 
pU. 100,  94,  121,  122,  117  ;  Lab.  866, 

353  ;  01.  291  ;  Scab.  212  ;  Comp.  253, 

245,  214,  262  (25  visits). 
Polyoromatus  dorilis,  Hfn.  (Circe,  S.  V.), 

L.,  Jas.  283  ;  Comp.   234,  228,  221, 

217. 

Eurydice,  Rott.,  L.,  Polygal.  51. 

phloeas,  L.,  L.  Th.,  Ran.  7  ;  Fagop. 

869 ;  Cary.  60,  53 ;  Scab.  212 ;  Jas. 

283  ;  Comp.  330,  346,  234,    238   (10 

visits). 
Satyrus    (Pararga)    Egeria,   L.,   Westf., 

Comp.  214. 
(Epinephele)  Galatea,  L.,   Westf., 

Comp.  257,  255,  214. 

(Epinephele)  Hyperanthus^  L.,  L. 


Sid.,  Lab.  342,  343 ;  Comp.  238. 
—  (Epinephele)  Janira,  L.  (10),  L., 
Hyper.  68 ;  Dianth.  62  ;  PapU.  100  ; 
Ech.  310  ;  liab.  340,  342,  337  ;  Jas. 
283  ;  Scab.  211,  212 ;  Comp.  257,  258, 
248,  258,  229,  262. 

(Erebia)  Medea,  S.  V.,  Sid.,  Scab. 


211. 


—  (Erebia)  Medusa,    S.    V.,    Westf., 
Comp.  214. 

(Pararga)  Megiera,   L.,   L.,  PapU. 


100,  108  ;  Comp.  257,  266.  274. 
(Coenonympha)  Pampbiius,  L.,  L. 


Sid.  Th.,  Ran.  6,.  7  ;  Lab.  340  ;  Jas. 
283  ;  Comp.  267,  226,  217. 

spec,  L.,  Delph.  16t ;  PapU.  121. 


Thecla  ilicis,  Esp.,  L.,  Comp.  216. 

quercus,  L.,  Westf.,  Comp.  214. 

rubi,  L.,  L.,  PapU.  96  ;  Eric  285 ; 

Comp.  248. 

spec,  L.,  Camp.  267,  216,  217. 


Vanessa  Atalanta,  L.,  L.,  Comjp. 

C-album,  L.  (11),  L.,  Umfe  1« 

cardui,  L.,  L.  Th.,  Ltb.  f^ 

lo,  L.  (16—16),  I-  AM-  * 

PapU.  122;  Comp 
— ^  uztion,  L»  f 

Saliz  S78 ;  Wm 
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122 ;  Ub.  364  ;  01.  291  ;  Scab.  211  ; 
Comp.  255,  248.  237,  218,  266,  275 
(15  Tiaits). 

£.  Sphinget  (14  species,  48  visits). 

Ino  SUtices,  L.,  L.  T.  Sid.,  Carj.  57  ; 

Onagr.  166 ;  Scab.  211 ;  Camp.  277  ; 

Jas.  283  ;  Comp.  229. 
Ifacrogloesa  faciformis,  L.,  L.,  Carj.  57  ; 

Lab.  366,  849  ;  01.  291. 
stellatarom,  L.,  L.  Sid.  Th..  Dianth. 

53  ;  Onagr.  169  ;  Ech.  310  ;  Lab.  364, 

849  ;  Eiyth.   298  ;  OL   291  ;   Comp. 

255. 

asiliformis,  Rott.  (S.  cjrnipiformis, 


Esp.),  Th.,  PapiL  94t ;  Comp.  ^. 

impifi 
9af ;  Lab.  340. 


empiformis,  Esp.,  Sid.  Tb.,  PapiL 


t: 


tipnlifonnis,  L.,  L.  T.,  Crac.  38 ; 
J^b.  340 ;  Comp.  232. 
Sphinx  oodtoIyoIi,  L.  (65 — 80),  L.,  Con- 
volv.  311*  ;  Caprif.  202. 

(Deilephila)  Elpcnor,  L-  (20—24), 

L.,  Caprif.  202. 

li^tri,  L.  (37—42,  L.,)  Sapon.  56  ; 


Capnf.  202. 

—  pinastri,   L.   (28 — 33),  L.,  Caprit 
202. 

—  (Deilephila)  Porcellos,  L.  (20),  L., 
Cary.  58  ;  Caprif.  202. 


Sphinx  (Smerinthos)  tilije,  L.  (3),   L., 

Caprif.  202». 
Zygaena  camiolica.   Scop.    (Zonobiychis 

8.  v.),   Th-,   Dianth.  58 ;   P*p.  94*, 

119^  ;  Comp.  257,  258,  248,  24^. 
lonieene,  Esp.,  L.  Th.,  PapiL  90+  ; 

Ech.   310;    Scab.   211;    Comp.    247, 

257. 

TL  NEUROPTERA  (4  species,  13  TidU). 

Agrion  spec.,  L.,  Roe.  133. 
Uemerobins  spec.,  L.,  Umb.  195,  185. 
Panorpa  oommnnis,  ll,  L.  Sid.  T.,  Umb. 

179,  181,  190 ;  Rhus  89 ;  Roa.  133 ; 

Scroph.  317  ;  Comp.  214,  234. 
Sialis  fotaria,  L.,  L.,  Umb.  177,  185. 

VII.  ORTHOPTERA  (3  species,  8  risits). 

Forficola  aoricolaria,  L.,  L.,  Papav.  20; 

Camp.  282. 
Podnra  spec,  L.,  Convolv.  811*. 

VIIL  THYSANOPTERA  (18  visits). 

Thripe  spec.,  L.,  Ran.  9,  10 ;  Croc.  30, 
39  ;  Res.  42 ;  Cary.  65,  66,  60,  63  ; 
Lythr.  165 ;  Ros.  151,  138 ;  ConvolT. 
311* ;  Scroph.  317 ;  Lab.  339  ;  Vine. 
293  ;  Eric.  287. 


SUMM ART  OF  INSECT-Yism  NOTED  IN  THIS   BoOK. 

Coleoptera 129  species  with    469  visits. 

Diptera    253  „  1598      „ 

Hemiptera 6  „  15      ,, 

Hymenoptcra    ...  368  „  2750      „ 

I>epidoptera    79  „  365      ,, 

Neuroptera    4  „  13      „ 

Orthoptera 3  „  3      „ 

Thysanoptera    ...         1  „  18     ,, 

Altogether...  843  species,  with  5231  different  visits. 


INDEX  OF  PLANTS, 


WITH  THE  NUMBER  OF  THEIR  INSECT- VISITORS. 


Abbreviations. — Coleopt  »  Coleoptera ;  Dipt.  =  Diptera  in  general ; 
Muse.  =«  Muscidae ;  Syrph.  =»  Syrphidae  ;  Rhing,  =  Rhingia ;  Hemipt.  = 
Hemiptera  ;  Hymen.  =  Hymenoptera,  not  including  the  bees ;  Apid,  = 
Apidae  in  general ;  -4*  =*  Apis  meUificaj  B.  =  Bomhus  and  Anthaphora  (the 
longest-tongued  of  our  bees)  ;  Lepid.  =  Lepidoptera  in  general ;  Lepid.  d.  = 
diurnal  Lepidoptera ;  Lepid.  n.  =  nocturnal  Lepidoptera ;  Neuropt.  = 
Neuroptera  ;  OrthopU  =  Orthoptera  ;  Th.  «=  Thrips. 

The  figures  placed  after  these  abbreviations  indicate  the  number  of  species 
of  insect- visitors  observed.  Qroups  of  insects  which  are  useless  in  the  work 
of  fertilisation  are  placed  in  square  brackets  [    ]. 


Abutilon.  p.  145. 
Acacia  Julibrizzin,  p.  220. 
Acauthacejs,  p.  467. 
Acanthus,  p.  468. 
A/»0i*  T)  164 

Achiilea  Millefolium,  No.  225  (Apid.  80, 

Hymen.  25,  Dipt.  21,  Lepid.  6,  Coleopt. 

5),  p.  325. 
A.  Ptarmica,  No.  226,  p.  827. 
Aconitum  Lycoctonum,  No.  17   {B.  1), 

p.  87. 
A.  Napellus,  No.  16,  p.  86. 
A.  septentrionale,  p.  88. 
Adenostemma,  p.  318. 
Adonis  yemalis,  p.  73. 
Adontostyles,  p.  361. 
Adoxa  moschatellina.  No.  198  {Dipt.  4, 

Hymen.  3,  Coleopt.  1),  p.  289. 
^chmanthera,  p.  467. 
^iphila  elata,  p.  469. 
M.  mollis,  p.  469. 
M.  obdorata,  p.  469. 
.£gopodium  FodaCTaria,  No.  179  (Dipt. 

34,  Coleopt.  21,  Hymen.  33,  Apid.  15, 

Neuropt.  1),  p.  276. 
^culus  Hippocastanum,  No.  87  (Apid, 

7),  P.  164. 
M.  rubicunda,  p.  166. 
Agathea,  p.  361. 
Agrimonia  Eupatorium,  No.  145  (Syrph, 

9,  Muse.  1,  Apul.  1),  p.  235. 


A^ostis  alba,  p.  568. 

Ajuga  genevensis,  p.  502. 

A.  pyramidalis,  p.  502. 

A.  reptans.  No.  866  (Apid,  15,  Syrph, 

1,  Lepid.  7),  p.  601. 
Alchemilla  alpina,  p.  235. 
A.  fissa,  p.  235. 
A.  pentaphylla,  p.  235. 
A.  vulgaris.  No.  144  (Syrph.  5),  p.  234. 
Alisma  natans,  p.  567. 
A.  Plantago,  No.  398  (Syrph.  6),  p.  565. 
Alismaces,  p.  565. 
Alliaria  officintdis.  No.  35,  p.  109. 
Allium  carinatum,  p.  554. 
A.  Cepa,  No.  398  (Apid.  8,  Hymen.  8, 

Dipt.  1),  p.  563. 
A.  fistulosum,  p.  564. 
A.  rotundum,  p.  554. 
A.  SehGcnoprasum,  p.  554. 
A.  sibiricum,  p.  554. 
A.  sphserocepnalum,  p.  554. 
A.  ursinum.  No.  392  (B.  1),  p.  558. 
A.  victoriale,  p.  554. 
Alocasia  odors[,  p.  564. 
Alopecums  pratensis,  p.  568. 
Alpmia,  p.  542. 
Alsinese,  p.  131. 
Amarantacese,  p.  509. 
Amaryllideas,  p.  559. 
Ambrosinia  Bassii,  p.  565. 
Amelanchier  vulgans,  p.  242. 
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Amherstia  nobilis,  p.  220. 

Ammannia  latifolia,  p.  261. 

Amorpha  canescens,  p.  198. 

A.  fraticosa,  p.  198. 

Amorphophallus  campanulatus,  p.  563. 

A.  Titanum,  p.  564. 

A.  variabilis,  p.  564. 

Ampbicarpaea  monoica,  p.  214. 

Amsinckia,  p.  422. 

Anacamptis  pyramidalis,  p.  534. 

Anacardiacea;,  p.  166. 

Anagallis  arveDsis,  p.  890. 

A.  coerulea,  p.  390. 

Anandria,  p.  351. 

Ancbusa  omcinalis.  No.   302  (Apid.  6, 

Lepid.  1),  p.  411. 
Andromedese,  p.  376. 
Androsace  Cbamaejasme,  p.  389. 
A.  obtusifolia,  p.  389. 
A.  septeDtrionalis,  p.  889. 
A.  Yitaliana,  p.  389. 
Anemone  alpina,  p.  73. 
A.  narcissifolia,  p.  73. 
A.  nemorosa.  No.  4  (Apid.  6,  Muse.  2, 

Coleopt,  1),  p.  72. 
A.  ranunculoides,  p.  88. 
A.  silvestris,  p.  88. 
Anetbam  graveolens,  No.  192  {Dipt.  15, 

ffy7nen,  25,  Apid.  6),  p.  283. 
Angelica  silvestria,  No.  190  (Dipt.    11, 

Coleopt.  6,  Apid.  2,  Hymen.  9,  Lepid, 

1,  Neuropt.  1),  p.  282. 
Angnecum,  p.  528. 
Anoda  bastata,  p.  145. 
Anonacese,  p.  90. 
Antbemide^e,  p.  325. 
Antbemis  arvensis.    No.  227  (Apid.   8, 

Bymen.  4,  Dipt.  9,  Coleopt.  3).  p.  329. 
A.  tinctoria,  No.  228  (Apid.  3,  Hyinen,  1, 

Dipt.  6,  Coleopt.  2),  p.  329. 
Antbericum  Liliago,  p.  553. 
A.  ramosum,  No.   391  (Apid.  1,  Syrph. 

1,  Lepid.  2),  p.  552. 
Antboxantbnm  odoratum,  p.  568. 
Antbriscus  Cerefoliom,  No.  186  (Dipt.  11, 

Coleopt.  7,  Hymen.  6,  Apid.  3),  p.  281. 
A.  silvestris,  No.  185  {Dipt.  26,  Coleopt. 

20,  Hymen.  20,  Apid.  5,  Neuropt.  2), 

p.  279. 
Antburium  Potbos,  p.  565. 
Antbyllis  vulneraria,  No.  91  (Apid.  4), 

p.  172. 
Antiirbinum  m^'uB,  No.  321  {B.  5,  [Apid. 

8]),  p.  433. 
Apbelandra  pectinata,  p.  468. 
ApocjmaceeB,  p.  394. 
Apocynum  androsaemifolium,  p.  396. 
A.  bypericifolium,  p.  396. 
AquUegia  vulgaris,  No.  13  (B.  2,  [Apid. 

4]),  p.  81. 
Arabis  alpina,  p.  102. 
A.  bellidifolia,  p.  102. 
A.  birsuta,  No.  29  (Hymen.  1,  Apid.  1, 

Lepid.  1),  p.  102. 


Aracbia,  p.  201. 

Araliace»,  p.  287. 

Aratgia  albens,  p.  400. 

Arbatns,  p.  875. 

Arbuteee,  p.  375. 

Arctium  minuB,  p.  838. 

A.  tomentosum,  p.  888. 

Arctostapbylos  uva-uni,  p.  375. 

Arctotis,  p.  861. 

Arenaria  muscosa,  p.  137. 

A.  trinerna,  No.  57  (Coleopt.  1),  p.  136. 

Aigemone  ocbroleuca,  p.  94. 

Anssema  fiUfonne,  p.  564. 

Arisarum,  p.  564. 

Aristolocbia  Bonplandi,  p.  518. 

A.  Clematitis,  No.  375  (Dipt.  3),  p.  517. 

A.  gmndiflora,  p.  519. 

A.  Sipbo,  No.  376  (Dipt.  5),  p.  518. 

Aristolocbiacese,  p.  517. 

Armeria,  p.  382. 

Armoracia  ampbibia.  No.  28  {Hymen,  1, 

Dipt.  4),  p.  102. 
Amebia,  p.  422. 
Arnica  montana.  No.  237  (Apid.  8,  D^ 

10,  Lepid.  3,  Coleopt.  2),  p.  385. 
Aroidese,  p.  562. 
Aronia  rotundifolia,  p.  242. 
Artemisia  DTacuncumB,  No.  235  (Syrph, 

1),  p.  883. 
Artocarpeae,  p.  521. 
Arum  crinitum,  p.  564. 
A.  Dracunculus,  p.  564. 
A.  italicum,  p.  563. 

A.  maculatum,  No.  397  (Dipt.  1),  p.  562. 
A.  tematum,  p.  564. 
Asarum  canadense,  p.  517. 
A.  europaium,  p.  517. 
Asclepiadeie,  p.  396. 
Asclepias  Comuti,  No.    295  (Apid.  10, 

Hym/cn.  7,  Dipt.  7),  p.  396. 
A.  curassavica,  p.  400. 
A.  fruticosa,  p.  400. 
A.  tenuifolia,  p.  400. 
Asimina  triloba,  p.  90. 
Asparagus  officinalis.  No.  388  (Apid,  5), 

p.  548. 
Asperula  azurea,  p.  304. 
A.  cynancbica,  No.  207  (Dipt,  1,  Apid. 

1),  p.  302. 
A.  odorata  (A^.),  p.  804. 
A.  pusilla,  p.  306. 
A.  scoparia,  p.  306. 
A.  taurina,  p.  303. 
Aspicarpa  urens,  p.  149. 
Aspidistra  elatior,  p.  560. 
Aster  alpinus,  p.  322. 
A.  Amellus,  No.  219  (Syrph.  1),  p.  322. 
A.  cbincnsis,  No.  218  (SyrpK  2,  Lepid, 

1,  Apid.  1),  p.  322. 
Asteroidese,  p.  320. 
Astrantia  major,  No.  173  (Apid,  8,  Dipt 

3,  Colecypt.  1),  p.  272. 
A.  minor,  p.  273. 
Ataccia  cristata,  p.  558. 
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Atherunis  tripartitus,  p.  564. 
Atragene  alpina,  p.  70. 
Atropa  Belladonna,  p.  427. 
Azalea  procambens,  p.  880. 

Ballota   nigra,   No.   864  {Apid.   14, 

Lepid.  7),  p.  498. 
Balsamineie,  p.  160. 
Barbarea  vulgaris,  p.  104. 
Bartsia  alpina,  p.  445. 
BellidioBtrom,  p.  861. 
Bellis    perennis,    No.    217    (Apid.    8, 

Hymen.  1,  Dipt,  18,  Lepid.  2,  Coleopt. 

8),  p.  821. 
Berberideae,  p.  90. 
Berberis  ynlgaria,  No.  18  (Dipt,  11,  Apid. 

10,  Hymen.  2,  CoUopt.  2),  p.  90. 
Bergenia  crassifolia.  No.  156  {Apid.  2), 

p.  247. 
Betonica  officinalis.  No.  854  (^.  1,  [Syrph. 

2,  Lepid.  1]),  p.  487. 
Biamm,  p.  565. 
Bidens,  p.  861. 
Bignonia,  p.  466. 
Bignoniacese,  p.  466. 
Biscatella  laevigata,  p.  108. 
Bonjeania  hirsnta,  p.  178. 
Borageae,  p.  408. 
Boraginese,  p.  408. 
Borago  officinalis.  No.  801  {Apid,  5),  p. 

409. 
Borreria,  p.  804. 
Boucerosia,  p.  401. 
Brachypodium  pinnatum,  p.  568. 
Brassica  oleracea,    No.   39  {CoUopt.    1, 

Apid.  6,  Th.  1),  p.  111. 
B.  Rapa,  p.  112. 
Bromns  mollis,  p.  568. 
Browallia  elata,  p.  427. 
Bmgmansia  Zippelii,  p.  516. 
Bryonia  dioica,^o.  171  {Apid.  7,  Hymen. 

4,  Coleopt.  1,  Lepid.  1),  p.  268. 
Bryophyllum  calycinum,  p.  251. 
Bunchosia  Chkudichaodiaiia,  p.  149. 
Bupleurum  falcatom.  No.  175  {Dipt.  4, 

Hymen.  8,  Apid.  1),  p.  275. 

B.  rotundifoliam,  p.  286. 
Burlingtonia,  p.  528. 
Buxus,  p.  520. 

Cacaua,  p.  861. 
Caesalpiniacefe,  p.  220. 
Caffea  arabica,  p.  804. 
Caiophora  latentia,  p.  267. 
Calamintba  Acinos,  No.  844  {Apid,  1, 
Dipt.  1),  p.  477. 

C.  alpina,  p.  477. 

C.  CUnopodium,  No.  848  {Lepid.  2),  p. 

476. 
C.  Nei)eta,  p.  476. 
Calathea  discolor,  p.  542. 
C.  zebriiia,  p.  542. 
Calceolaria,  p.  481. 


Calendula,  p.  861. 

Calla  palustris,  p.  565. 

Callitriche  vema,  p.  255. 

Calluna    vulgaris.   No.    287    {Apid.   9, 

Hymen.  1,  Dipt.  6,  Th.  1),  p.  877. 
Calogyne,  p.  864. 
Calonyction,  p.  425. 
Caltha  palustris.  No.  11  {IHpt.  7,  Coleopt. 

1,  Apid.  i),  ^.  79 . 
Calycanthaceae,  p.  89. 
Calycanthus  flondus,  p.  89. 
Calystegia  sepium,  p.  424. 
Camarea,  p.  149. 

Campanula  bononiensis.  No.  280  (Apid. 

4,  Coleopt.  1),  p.  866. 
C.  canescens,  p.  869. 

C.  colorata,  p.  869. 

C.  Medium,  p.  866. 

C.  patula,  No.  281  {Apid.  2),  p.  868. 

C.    persicifolia.    No.     282     (Apid.    1, 

[Orthopt.  1]),  p.  868. 
C.  pusiUa,  p.  867. 
C.    rapunculoides.   No.   279   (Apid.   9, 

Hhing.  1),  p.  968. 
C.  rotundifolia.  No.  277  (Apid.  10,  Dipt. 

2,  Lepid.  1,  Coleopt.  8),  p.  868. 

C.  Trachelium,  No.  278  (Apid.  9,  Dipt. 

2,  Coleopt.  2),  p.  868. 
Campanulaceft,  p.  865. 
Campanulee,  p.  866. 
Canna,  p.  548. 
Canneae,  p.  548. 
Capparideie,  p.  114. 
Capparis,  p.  114. 
Caprificus,  p.  521. 
Caprifoliaceae,  p.  289. 
Capsella  bursa-pastoris.   No.  87  (Lepid. 

7,  Muse.  1),  p.  110. 
Cardamine  cnenopodifolia,  p.  104. 
C.  impatiens,  p.  104. 
C.  pratensis.  No.  80  (Apid.  9,  Dipt.  6, 

Lepid.  4,  CoUopl.  1,  Th.  1),  p.  102. 
Cardioepermum,  p.  164. 
Carduus  acanthoides.  No.  246  (Apid.  82, 

Hymen.  1,  Dipt.  8,  Lepid.  4,  Coleopt. 

4),  p.  889. 
C.  crispus,  No.  245  (Apid.  5,  Syrph.  1, 

Lepid.  2),  p.  888. 
C.  nutans.  No.  247  (Apid,  5,  Lepid.  1), 

p.  340. 
Carex  hirta,  p.  567. 
C.  montana,  p.  567. 
Carlina  acaulis,  No.  241  (Apid.  9,  Coleopt, 

1),  p.  337. 
C.  vulgaris,  No.  242  (Apid,  8,  Hymen. 

p.  1),  337. 
Carum  Carui,  No.  177  (Dipt.  21,  Coleopt, 

5,  Hymen.    17,  Apid.    11,    Lepid.  1, 
^leuropt.  1),  p.  275. 

C.  sativum,  No.  176  (Dipt.  8,  Apid.  10), 

p.  275. 
Caryophylleae,  p.  126. 
Cassia  mult^uga,  p.  280. 
Cattleya,  p.  528. 


"-■BBtroaemd,  p.  216.' 
CentroatemnjB,  p.  401. 
CentuBcalus,  p.  390. 
CeniBtium   arvenw.   No.   80  (Dip/.   13, 
Apid.  3,   CoUopt.  ],  Th.  1,  Lepid.  i), 

C.    Bemidecandrntn,   Ho    82    (fltut   3 

Apid.  1),  p.  182. 
C.  triviale,  No.  81  {Dipt.  2),  p.  132. 
C,  viscoBiim,  p.  133, 
Corintheglnhni.  p.  i21. 
C.  minoT,  p.  423. 
Ceropejia  eUfpins,  p.  401, 
Chwrophyllum  hinmlum.  No.  183  {Dijil. 
1.  Coleopt.  2,  Rumea.  n,  Aoid   11.  n 
279,  -^         "  '■ 

C.  temulum.  No.  184  {Dipt.  10.  CoUapl. 

5,  Hytnm.  7,  -Jpirt.  1),  p.  27B. 
Chamteilores,  p.  fiB2. 
Chamieorchis,  p.  632. 
Chamiesoa,  p.  SOB, 
ChapmanniB,  p.  201. 
Chasalu,  p.  304, 
Cbelidonium  majUH,   No.  21    <Avid.   7 

SyrjA.  6,  IDipt.  1]),  p.  S4. 
Chelona,  p,  M4, 
ChonopodiaceiB,  p,  60B. 
Chenopodimn  album,  p.  509. 
C.  atnbroaioideH,  p.  BOM. 
C".  bonus- Hen riuQS,  p.  509. 
(JhiiuonntitliUB  Imgnaa,  p,  89, 
ChiygantliemunL   porvmbosam,  No.  231 
{Hipnm.  1.  D.pi,  ],  tifmipl.  I),  p,  331 
C.  iHOiloram,  No.  230  {ffynun.   I),   p,       1 

C.  leucsntheraum.  No.  229  (Apid.    12,       I 
Bynun.  10,  Dipt.  28,  Lepid.  6,  Celropl.       ( 


I,   No,  232  {I^T«d.  I),  p. 


C.   Pwftit 

332. 
Chjywcoma  LinoByrie,  No.   221  {Apid. 

i.  Dipt.  4,  Lepid.  3),  p,  322. 
ChryBoaplsnium   alternifulium.  No.   1E.5 

(Z>i>«,    6,    Hymra..    4,    Cofcimf,    4).    u 

a*B.  *»      ).   P 
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Coronilla  montana,  p.  199. 

C.  varia.  No.  114  (A*.),  p.  198. 

Correa,  p.  162. 

Cortnsa,  p.  889. 

Corydalis  cava,  No.  23  {B.  1,  [Apid,  6, 

IHpt.  2]),  p.  97. 
C.  lutea,  No.  25  {B.  1),  p.  99. 
C.  nobilis,  p.  98. 
C.  ochroleuca,  p.  98. 
C.  solida,  No.  24  {B.  1,  [Apid,  2,  IHp(. 

2]),  p.  98. 
Corylus  Avellana,  p.  523. 
Cotoneaster  vulgaris,  No.  154,  p.  241. 
Crassulacese,  p.  251. 
Crataegus  Oxyacantha,   No.  153  {Dipt, 

24,  Coleopt.  14,  Apid.  19),  p.  240. 
Crepis  biennis.  No.  263  {Apid.  23,  Dipt. 

7,  Coleopt.  l),p.  353. 
C.  tectorum.  No.  264  {Apid.  8,  Hymen.  1, 

Dipt.  1),  p.  353. 
C.   virens.  No.  265  {Apid.  9,  Dipt.  8, 

Coleopt.  1),  p.  353. 
Crinum,  p.  560. 
Crocus  sativus,  p.  548. 
C.  vemus,  p.  647. 
CruciferaB,  p.  100. 

Cryphiacanthus  barbadensis,  p.  467. 
Cryptocorjrne,  p.  565. 
Cryptostachys,  p.  568. 
Cryptostemma,  p.  361. 
Cucurbitacpae,  p.  268. 
Cophea  floribunda,  p.  261. 
C.  melvilla,  p.  261. 
C.  silenoides,  p.  261. 
Cupuliferae,  p.  523. 
Cuscuta  Epithymum,  p.  425. 
Cynanchum  Vincetoxicnm,  p.  401. 
Cynaroidese,  p.  336. 
Cypella,  p.  547. 
Cyperaces,  p.  565. 
Cyphieae,  p.  366. 
Cypripedinae,  p.  539. 
Cypripedium  barbatum,  p.  541. 
C.  Calceolus,  No.  386  {Apid.  5,   [+  1, 

Dipt.  4,  Coleopt.  I]),  p.  639. 
C.  caudatum,  p.  541. 
Cytinaceae,  p.  516. 
Cytisus  albus,  p.  195. 
C.  canariensis,  p.  195. 
C.  Laburnum,  No.  Ill  {Apid.  6,  [Lepid. 

1,  Coleopt.  1]),  p.  193. 
C.  sagittalis,  p.  195. 

C.  scoparius,  No.  112,  p.  195. 

D^DALACANTHUS,  p.  467. 

Dahlia,  p.  361. 
Dalechampia,  p.  520. 
Dampiera,  p.  364. 
Daphne  mezereum,  p.  519. 

D.  striata,  p.  519. 

Daucus    Carota,    No.     195    {Dipt.    19, 
Coleopt.  10,  Bymen.  19,  Apid.  9,  Lepid. 

2,  Hemipt.  1,  Neuropt.  1),  p.  285. 
D.  grandinora,  p.  286. 


Delphinium  Ajacis,  p.  86. 

D.  ConsoUda,  No.  15  {B.  1,  [Lepid.  2]), 

p.  85. 
D.  elatum.  No.  14  {B.  1),  p.  83. 
D.  Staphysagria,  p.  85. 
Dendrobium,  p.  627. 
Dianthus  atrorubens,  p.  127. 
D.  Carthusianorum,  No.  53  {Lepid.  d.  7, 


[Apid.  1]),  p.  126. 

.  chi 

127. 


D.  chinensis. 


J),  p.  1! 
is,  No. 


54   {Lepid.  d.  3),   p. 


D.  deltoides.  No.  52  {Lepid.  d.  2,  [Syrph. 

4]),  p.  125. 
D.  silvestris,  p.  127. 
D.  superbus,  p.  127. 
Diclytra  cucuilaria,  p.  96. 
D.  eximia,  p.  96. 
D.  spectebiUs,  No.  22  {B.  2,  [Apid.  6]), 

p.  95. 
Dictamnus,  p.  162. 
Diervilla,  p.  299. 
Digitalis  ambigna,  p.  438. 
D.  lutea,  p.  438. 
D.  purpurea.  No.  323  {B.  3,  [Apid.  2, 

Coleopt.  8]),  p.  437. 
Dionysia,  p.  889. 
Dioscorea,  p.  561. 
DioscoreaceaB,  p.  561. 
Diospyros  virguiana,  p.  392. 
Diplacus,  p.  426. 
Dipsaceap,  p.  308. 

Dipsacus  silvestris.  No.  210  {B.  3),  p.  308. 
Dipteracanthus,  p.  467. 
Doronicum,  p.  361. 
Donrcnium  hirsutum,  p.  173. 
Draba  aizoides,  p.  105. 
D.  vema,  No.  31  {Apid.  3),  p.  105. 

D.  Wahlenbergii,  p.  105. 
Dracunculus  vulgaris,  p.  564. 
Droaera,  p.  255. 
Drosernceie,  p.  255. 
Dnimmondia,  p.  248. 
Dr^'as  octopetala,  p.  228. 

Ebenaceji,  p.  392. 
Echinops  Ritro,  p.  337. 

E.  sphaerocephahis.  No.    240   {Apid.  .I, 
Hymen.  1),  p.  336. 

Echinospermum  LAppula,  p.  416. 
Echium   vulgare,    No.    310   {Apid.    44, 

Hymen.  5,  Dipt.  6,  Lepid.   9,  Coleopt. 

1),  p.  418. 
ElflBagnaceie,  p.  620. 
Elaeagnus,  p.  520. 
Emi>etraceap,  p.  626. 
Empetrum,  p.  526. 
Epacridea*,  p.  382. 
EpacriH,  p.  382. 
Epideudren?,  p.  528. 
Epidendruni,  p.  529. 
Epigiea,  p.  376. 
Epilobium  alpiuum,  p.  264. 
E.  angustifolium,    No.    166   {Apid.    IC, 

Hymen,  4,  Dipt.  3,  Lepid.  1),  p.  261. 
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£pJ1o))ium  Fleisiiheri,  p.  262. 

E.  hitBUtniu,  p.  393. 

£.  origaairoliam,  No.  IBS  (Lepid.  1),  p. 

263. 
E.    parriflonini,   No.    187   {CoUopI-.   1), 

p.  2S3. 
Epipactu  ktifolia,  p.  £32. 
E.  microphjUa,  p.  532. 
E.  paluatris,  p.  533. 
E.  viridiflom,  p.  632. 
EpipoKon  Gmelini,  p.  B33. 
Erinthenilim,  p.  4S7. 
EranthiB  hiemilis,  No.  12  {Dipl.  S,  A".) 


E.  cinerea,  p.  377. 

B.  tetralix,  No.  286  {ApUi.  7,  Svrpli.  3, 

Lepld.  1),  p.  376. 
EricsceK,  p.  S7S. 
EriceiB,  p.  376. 
Erigeroa  alpinos,  p.  322. 
E.  uaiflorui,  p.  322. 
EritriohiuDi,  p.  422. 
Erodium  CicnUriiun,  'So.  83  {Apid.  1, 

Coltopt.  1),  p.  IBS. 
ErTum  lens,  p.  2D1. 
EiTDginm  csnipestre,  No.  172  [Hytaen, 

11,  Apid.  G,  i>ip(.  8),  p.  271. 
Erythnea  CBntanrlnm,  Ho.  283  {Lepid. 

d.  3).  p.  *07. 
Erythrina  cruta-galli,  p.  21B. 
E.  herbacea,  p.  21B. 
E.  velutina,  p.  21 E. 
Erythnaylon,  p.  149. 
EscIiBCboltEia  catiromica,  p.  94. 
Eapatoriaces,  p.  318. 
Eupatorium      cannsbmam,      So.     214, 
{Apid.  2,  Dipt.  8,  Lipid.  7),  p.  318. 
'   Euphorbia  Cyparissias,  p.  520. 
E.  liplioscopis,  p.  510. 
EuphOTbiaoew,  p.  620. 
Euphrasia  minitna,  p.  447. 
E.  offlciiuiUB,  No.  332   {Apid.   4,  Dipt. 

3).  p.  447. 
E.  galisbiugensis,  p.  450. 
Euonymua  curopx^a,  No,   85  {Di}it,   12, 
Hymen.  1),  p.  162. 


Fabamba,  p.  301. 

Featuca  prntenns,  p.  G6S. 

Ficns  Cariea,  Ho.  377,  p.  521. 

Foreytliia,  p.  392. 

Frngai-ia  viaoa.  Ho.  138  {IHpl.  8.  CuUopt. 

7,    Th.    1,    Apid.   8,    Eymtn.    1),   p, 

230. 
Fritillaria  imperialis,  p.  556. 
Fuchsia,  p.  285. 
Fumnria  capreolata,  p.  100. 
F.  oBioinalis,  No.  26  [A*.),  p.  99. 
F.  parviflora,  p.  100. 
F.  Bpicata,  p.  100. 
Fnmariacete.  p.  95. 


GAQEA  ARVENStS,  p.  666. 

0.  Liottardi.  p.  656. 

0.  lotea,  p.  556. 

Gatactia,  p.  216. 

GaUntbua  nivalis.  Ho.  396  {A*.),  p.  &69. 

Galeobdolou  luteum,  Ho.  360  (*.  6,  [B. 

1,  Apid.  1]).  p.  496. 
Galeopaia  LadaDUm.  No.  35S  {B.  3,  ApiA. 

1),  p.  493. 
O.  ochroleuca,  No.   367  {B.  1),  p.  491 
G,   tetrahit.   Ho,  3B6  {B.  3,   [Apid.   1, 

Syrph.  1]),  p.  491. 
G.  veraiuoior,  p.  J  93. 
Gatiom  borealfl  {Dipt.  1),  p.  301. 
G.  onicUtwii,  p.  306. 
G,  MoUngo.  Ho.  205  {Dipt.  S,  BymtA. 

]),  p.  800. 
G.  paluatre,  p.  302. 
G.  nlvMtre,  p.  301. 
R.  tricDrnt.  p.  302. 
a.  nliginoBum,  p.  302. 
G.  vecum.  Bo.  206  {Dipt.  2,   aOtopt.  I, 

Hymen.  1),  p.  301. 
Gaudichaudia,  p.  149. 
Genista  ongUca,  Ho.   109  {Apid.   a),  p.' 

192. 

G.  pUoaa,  Ho.  110  {A*.),  p.  193. 

G.  tiuctoria.  No.  108  {Apid.  16.  [Hyiu*. 

1,  Dipt.  3,  Lcpid,   1,   Colec^.   81).  p. 


GeniBi«B,  p.  187. 
Gentioua  acaulia,  p.  403. 
G.  Amarella.  Ho.  297  {B.  I 
G.  aaclepiadea,  p.  403. 
G.  bavoiica,  p.  404. 

G.  CBIDpBBtri*,  p.  406. 

0.  cilia ta,  p,  404. 

0.  elacialiB,  p.  404. 

G.  lutes,  p.  402. 

a.  uana,  p.  405. 

G.  nival ifl,  p,  404. 

G.  obtumfolia,  p.  406. 

0.  Pneumonanthe,  No.   2 


).  404. 


Ouutiaueffi.  p.  402. 

Gerauiaceat,  p,  149. 

Geranini',  p.  149. 

Oernnium  molle.  No.  SO  (Dipt.  5,  Jjri 

3),  p.  153. 
O.  paluatre,  Ho.  '6  (Apid.  9,   I>imi. 

Lepid.  1},  p.  149. 
G.  pfBtenae,  No.  77  (Ajnd.  12,  Difl.  I 

p.  ICO, 
G.  puiillum.  No.  81  {STfrph.  1).  p.  161. 
G.    pjTBuaitaui,    No.     78    {ApiA.     I 

Htrmen.   2,   Dipt.  12,   Coloopt.  8). 

G.    robertiaDum.    No.    83    (AftMfi 

CoUopt.  1,  Ltpid.l),  p.  1G6. 
G.  ssnKmnoum,  No.  79  {Apid.  t,  IJyt* 

2,  Rliing.  1),  p,  152. 
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Gesneracese,  p.  466. 

Geum  montaaniD,  p.  229. 

G.  reptans,  p.  229. 

G.   rivale,  No.  136  [B,   11,  [Apid,  2], 

Ehing.  1,  Coleopt,  1),  p.  229. 
G.  urbanum,  No.  137  {Syrph,  1,  Coleopt. 

1),  p.  230. 
Gilia  mlcrantha,  p.  408. 
G.  pulchella,  p.  408. 
Gladiolus  commnsis,  p.  548. 
G.  palustris,  p.  548. 
G.  segetum,  p.  548. 
Glaucium  lateum,  p.  94. 
Glechoma  ;  see  Nepeta,  p.  484. 
Globularia  cordifoba,  p.  468. 
G.  nudicanlisy  p.  468. 
G.  vulgaris,  p.  468. 
Globulariacese,  p.  468. 
Gloriosa  superba,  p.  557. 
Gloseostigma  elatmoides,  p.  436. 
Glycine,  p.  214. 
Gnaphalium  luteo-album,  No.  222  {Apid, 

2,  Hymen,  2,  Dipt.  4),  p.  324. 
G.  uliginosum  {Apid,  1),  p.  324. 
Godetia,  p.  265. 
Goethea  coccinea,  p.  146. 
Goldfussia  anisophylla,  p.  467. 
Gomeza,  p.  528. 
Gomphocarpus,  p.  400. 
Gossypium  herbaceum,  p.  145. 
Goodenia,  p.  364. 
Goodenovieffi,  p.  364. 
Goodyera  repens,  p.  532. 
Graminese,  p.  568. 
Gymnadenia  conopsea,  p.  534. 
G.  odoratiBsiina,  p.  534. 
Gymnospermeffi,  p.  526. 
Gypsophila  paniculata,  No.  55  {Dipt.  15, 

Hymen.  5),  p.  127. 
G.  repens,  p.  128. 

Habenabia,  p.  533. 

Haloragefie,  p.  255. 

Hedera,  p.  287. 

Uedychium,  p.  542. 

Hedyotis,  p.  804. 

Heeria,  p.  255. 

Uelianthemum  alpestre,  p.  117. 

H.  KUttatani,  p.  117. 

H.  Aahiricum,  p.  117. 

H.  ledifoliuro,  p.  117. 

H.  lippii,  p.  117. 

H.  villosum,  p.  117. 

H.  Yulgare,  No.  45  {Syrph.  6,  Apid.  4, 

Cole^.  1),  p.  117. 
Helianthoidese,  p.  325. 
Helianthus  multiflorus.  No.  224  {Apid. 

1,  Syrph.  8),  p.  825. 
Hclleborus,  p.  81. 
Hemerocallis  fulva,  p.  554. . 
Hepatica  triloba,  p.  71. 
Heracleum  Sphondylium,  No.  194  {Dipt.. 

49,  Coleopt.  21,  Hymen.  34,  Apid.  13, 

Hemipt.  1),  p.  284. 


Henninium  Monorchia,  p.  533. 

Hemiaria  glabra,  p.  509. 

Hesperis  matronalis,  No.  84   {Dipt.   6, 

Apid.  3,  Lepid.  3,  Coleopt.  I),  p.  108. 
H.  tristiB,  p.  108. 
Heterocarpsa,  p.  201. 
Heterotoma,  p.  365. 
Heterotropa  asaroides,  p.  517. 
Heuchera,  p.  243. 
Hieracium  pilosella,  No.  267  {Apid.  9, 

Hymen.  1,  Dipt.  2,  Lepid.  3,  Coleopt. 

3),  p.  355. 
H.   umbellatum,    No.   266   {Apid.    10, 

Hymen.  1,  Dipt.  5,  Lepid.  4),  p.  354. 
H.  vulgatum,  No.  268  {Apid.  8,  Lepid. 

1),  p.  356. 
Himantoglossum  hircinum,  p.  534. 
Hippocrepis  comosa,  No.  115,  p.  199. 
Uockinia,  p.  422. 
Homogyne  alpina,  p.  835. 
Honkeneja  peploides,  p.  137. 
Hordeum  d^itichum,  p.  568. 
H.  Yulgare,  p.  568. 
Horminum  pyrenaicum,  p.  477. 
Hottonia  palustris.  No.  289  {Hymen.  1, 

Dipt.  6),  p.  886. 
Hoya,  p.  401. 
Uatchinsia  al{>ina,  p.  111. 
Hyacinthus  orientam,  No.  894  {Apid.  4, 

Dipt.  1,  Coleopt.  1),  p.  554. 
Hydrangese,  p.  248. 
Hydrocharidece,  p.  526. 
Uydrocharis,  p.  527. 
Hydrocotyle  americana,  p.-  271. 
H.  vulgaris,  p.  271. 
Hyoscyamus  niger,  No.  316  {Apid.  2), 

p.  427. 
Hyoseris  radiata,  p.  351. 
Hypecoom  gFandiflorum,  p.  95. 
H.  procumMns,  p.  95. 
Hypericaceie,  p.  139. 
Hypericum  hirsntum,  p.  140. 
H.  numifusum,  p.  141. 
H.  perforatum.  No.  68  {Apid.  8,  Hymen. 

1,  Dipt.  15,  Lepid.  2,   Coleopt.   1),  p. 

139. 
H.  quadrangulum,  p.  141. 
Hypochoeris  glabra.  No.  269  {Apid.  5), 

p.  356. 
H.  radicate,  No.  270  {Apid.   22,  Dipt. 

6),  p.  356. 

Illecebraceje,  p.  509. 
Illecebrum  verticillatum,  p.  509. 
Illicium  religiosum,  p.  89. 
Impatiens,  p.  160. 
Indigofera  macrostachya,  p.  198. 
I.  speciosa,  p.  198. 
Inula,  p.  361. 
Inuloideie,  p.  324. 
loeroma  tubulosum,  p.  427. 
lonidium,  p.  121. 
Ipomea  pestigridis,  p.  425. 
Irideae,  p.  548. 
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Iris  Pseud-Aconis,  No.  387  {B.  i,  [Apid. 

2],  IViing.  1),  p.  643. 
Isotoma  axillaris,  p.  365. 

Janusia,  p  149. 

Jasioae  montana,   No.    283   (Apid,  47, 

Hyinen.  20,  Dipt,  22,  Lepid.  7,  Coleopt, 

3),  p.  369. 
Ja^minum,  p.  392. 
Juglandacee,  p.  523. 
Juglans  ciuerea,  p.  523. 
J.  rep;ia,  p.  523. 
Juncaceae,  p.  561. 
Juncus  bufonios,  p.  561. 
J.  filiformis,  p.  561. 
J.  sphserocarpus,  p.  561. 
Jurmea,  p.  861. 

Kalmia  akoustifolia,  p.  381. 
K.  latifolia,  p.  380. 
K.  polifolia,  p.  380. 
Kernera  saxatilis,  p.  105. 
Knautia  ;  tee  Scabiosa,  p.  309. 
Knoxia,  p.  804. 

Labiatje,  p.  469. 

Lactuca,  p.  861. 

Lageratroemia,  p.  260. 

Lamium  album,   No.    859    {Apid,    11, 

[Apid.  5],  IViing.  1),  p.  498. 
L.  amplexicaule,  p.  496. 
L.  Galeobdolon,  No.  860  [B,  6,  [B,  1, 

Apid.  1]),  p.  496. 
L.  incisam.  No.  363  {Apid,  5),  p.  498. 
L.  maculatum,  No.  361  (Apid.  2,[Apid, 

2],  Ming.),  p.  496. 
L.  purpureum,  No.  362  (Apid.  9,  Dipt. 

1),  p.  497. 
Lantana,  p.  460. 

Lappa  minor.  No.  248  (Apid.  2),  p.  338. 
L.  tomentosa.  No.  244  (Apid.  5,  Lepid, 

1),  p.  338. 
Lapsana  communis.  No.  261  (Syrph,  3), 

p.  351. 
Larix,  p.  526. 

Lathyrus  grandiflorus,  p.  211. 
L.  montanus,  No.  123  (Apid.  2,  [Lepid. 

1]),  p.  210. 
L.  odoratus.  No.  124,  p.  211. 
L.  pratensLs,  No.  120  {Apid.  5),  p.  207. 
L.  silvestris,  No.  122  {Apid.   1,  [Lepid. 

5]),  p.  210. 
L.  tubarosus,  No.  121  {Apid.  1,  [Lepid, 

2]).  p.  210. 
L.  vernus,  No.  125  {Apid.  1),  p.  211. 
Lavandula  vera,  No.  336  (Apid.  11),  p. 

469. 
Lechea,  p.  117. 
I^eguminosae,  p.  167. 
Ijcmna  gibba,  p.  5G5. 
L.  minor,  p.  565. 
L.  polyrrhiza,  p.  565. 
L.  trisulca,  p.  565. 
IjCinnacefe,  p.  565. 


Lentibularieae,  p.  465. 

Leontodon  autumaale,  No.  271  (Apid.  14, 

ffymen,  1,  Dipt.  11,  Lepid,  2),  p.  S56. 
L.  hastile.  No.  272  \Apid.  9,  Hymen.  1, 

Dipt.  8,  Lepid.  1),  p.  358. 
L.  hirtus,  No.  273  (Apid,  15,  Syrpk.  3, 

Lepid,  1),  p.  358. 
LeonuruB  Caniiaca,  p.  495. 
Lepidium  sativum.   No.    38    (Dipt.   10, 

ffj/men.  5,  Apid.  6,  Coleopt.  4,  Lepid. 

1),  p.  110. 
Leptosiphon  roicranthum,  p.  408. 
Leschenaultia  formosa,  p.  364. 
Lssperdeza,  p.  201. 
Leucoemia,  p.  519. 
Liatris,  p.  361. 
Ligustrum  vulgare.  No.  292  (Apid.  1, 

Syrph.  1),  p.  393. 
Liliacese,  p.  548. 
Lilium  bulbiferum,  p.  565. 
L.  croceum,  p.  556. 
L.  Martagou,  p.  555. 
Limnanthemum,  p.  407. 
Linaria  alpiua,  p.  432. 
L.  Cymbalaria,  p.  438. 
L.  minor,  p.  432. 
L.  vulgaris.  No.  320  (Apid,  8,  [Hymen, 

1]).  p.  481. 
Lineae,  p.  147. 
Linnsea  Dorealis,  p.  298. 
linum  catharticum.   No.  74  (Dipt,   2), 

p.  147. 
L.    usitatissimum.    No.    75    (Apid,    2, 

Lepid.  1),  p.  148. 
Listera    ovata.    No.     880    (Coleopi.    2, 

Hymen.  7,  [B.  1]),  p.  295. 
Lithospermum  arvense.  No.   309  (Lepid, 

d.  2),  p.  417. 
L.  canescens,  p.  418. 
L.  longiflorum,  p.  418. 
Lloydia  serotina,  p.  555. 
Loasese,  p.  267. 
Lobelia  Erinus,  p.  365. 
L.  fulgens,  p.  365. 
L.  syphilitica,  p.  365. 
Jjobelieae,  p.  365. 
Loiseleuria  procumbens,  p.  300. 
Lonicera  alpigeua,  p.  298. 
L.  Caprifolium,  No.   202  (Lepid.   ».l  7, 

[+  3,  Apid.  2,  Dipt.  8]),  p.  298. 
L.  coei-ulea,  p.  295. 
L.    Periclymenum   (Lepid,  n,  1  [B,  1]), 

p.  295. 
L.  serotina,  p.  655. 
L.  tatarica,  No.  203,  p.  297. 
L.  Xylosteum,  No.  204  (Apid,   S,  Dipt. 

2),  p.  297. 
Lopezia  coronata,  p.  265. 
L.  miniata,  p.  265. 
L.  racemosa,  p.  265. 
Loteae,  p.  167. 
Lotus  corniculatus,  No.  90    (Apid    22, 

[Dipt.  2,  Lepid.  6]),  p.  167. 
Luculia,  p.  304. 
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Lnpinus  luteus,  No.   107  {Apid.  3),  p. 

187. 
Luzula  campestris,  p.  561. 
L.  latea,  p.  561. 
L.  nivea,  p.  561. 
L.  pilosa,  p.  561. 
Lychnis  alpina,  p.  129. 
L.  flos-cuculi,  No.  57  {Apid.  7,  Lepid. 

6,  Syrph.  8),  p.  129. 
L.  flos-Jovis,  p.  129. 
L.  Githago,  No.  59  {Lepid.  d.  2,  [Bhing, 

1]),  p.  131. 
L.  vespertina,  No.  58  {Lepid.  n.  1),  p.  131. 
L.  viscaria,  p.  129. 
Lycium  barbanim.  No.  315  {Apid.  3), 

p.  426. 
Lycopsis  arvensis,  No.  303  {Lepid.  d,  1), 

p.  411. 
Lycopus  europseus,  No.  339  (Hymen.  1, 

Dipt.  6,  Hemipt.  1,  Lqnd,  1,  Th.  1), 

p.  471. 
Lysimachia  Nummnlaria,  p.  390. 
L.  thyrsiflora,  p.  390. 
L.  vulgaris,  No.  290  {Apid.  3,  ffymen, 

1,  Syrph.  1),  p.  389. 
Lythrarie®,  p.  255. 
Lythruin  Graefferi,  p.  260. 
L.  hyssopifolia,  p.  260. 
L.  Salicaria,  No.  165  {Apid.  9,  Syrph.  7j 

Lepid.  2,  Coleopt.  2,  Th.  1,  Hemipt.  1), 

p.  255. 
L.  thymifolia,  p.  260. 

Magnolia  Ulan,  p.  89. 

M.  grandifiora,  p.  90. 

Magnoliaceffi,  p.  89. 

Makchinm  aquaticum,  No.  63  {Dipt.  5, 

Coleopt.  1,  Th.  1,  Apid.  3),  p.  133. 
Malpighiacese,  p.  149. 
Malva  Alcea,  No.  71  {Apid.  3),  p.  144. 
M.  moschata,  No.  72  {Apid.  3,  Dipt.  1, 

Lepid.  1).  p.  144. 
M.  rotundifolia,  No.  70  {Apid.  4),  pp. 

142,  144. 
M.  silvestris,  No.  69  {Apid.  26,  Hym^n. 

1,  Dipt.   2,  Lepid.  1,    Coleopt.  1),  p. 
142. 

Malvaceae,  p.  142. 

Mandragora  vemaUs,  p.  427. 

Manettia,  p.  304. 

Maranta  arundinacea,  p.  543. 

M.  bicolor,  p.  542. 

M.  cannfefoiia,  p.  542. 

Maranteffi,  p.  542. 

Marcgravia  nepenthoides,  p.  142. 

Marcgraviacese,  p.  142. 

Marrubium,  p.  489. 

Martha  fragrans,  p.  305. 

Martiusia,  p.  214. 

Martynia,  p.  466. 

Matricaria  Chamomilla,  No.  233  {Apid. 

2,  Hym^n.  I,  Dipt.  11,  Coleopt.  3),  p. 
332. 

Maurandia,  p.  434. 


Medicago  falcata,   No.    94    {Apid.   11, 

Dipt.  2,  [Lepid.  5]),  p.  179. 
M.  lupulina.  No.  95  {Apid.  4,  Di2>t.  2, 

Lepid.  1),  p.  180. 
M.  saliva,  No.  93  {Lepid.  d.  9  ?,  [Apid. 

2]),  p.  176. 
Melampodiam,  p.  361. 
Melampynim  arvense,  p.  461. 
M.  nemorosum,  p.  461. 
M.  pratense,  No.  335  {Apid.  3,  [+    3, 

Dipt.  1]),  p.  458. 
M.  silvaticum,  p.  461. 
Melastomaces,  p.  255. 
Melilotus  otficiualis.   No.  96  {Apid.  5, 

Hym,en.  1,  [+  1]),  p.  180. 
M.  vulgaris.  No.  97  (^*.),  p.  181. 
Melittis  melissophyllum.  No.  351  {Apid. 

1),  p.  486. 
Melvilla,  p.  261. 
Mentha    aquatica.    No.    338    {Apid,    4, 

Hymen.  1,  Dipt.  18),  p.  471. 
M.  arvensis,  No.  337  {Dipt.  10,  Lepid, 

1),  p.  470. 
Menyanthes  trifoliata,  p.  407. 
Mertensia,  p.  422. 
Methonica  superba,  p.  557. 
Meum,  p.  286. 
Meyenia  erecta,  p.  467. 
Mimosaceae,  p.  220. 
Mimulus,  p.  436. 
Mirabilis  Jalapa,  p.  508. 
Mitchella,  p.  304. 
Mitella  pentandra,  p.  243. 
Moehringia  trinervia,  No.  67  {Coleopt.  1), 

p.  136. 
Monarda  ciliata,  p.  477. 
M.  didyma,  No.  345  {Lepid,  1),  p.  477. 
Monochoria,  p.  561. 
Monocotyledons,  p.  526.  ' 
Morina  elegans,  p.  308. 
Musa,  p.  543. 
Muscari  botryoides,  p.  554. 
Moseae,  p.  543. 
Mutisiacese,  p.  351. 
Myosotis  alpestris,  p.  415. 
M.  hispida.  No.  308  {Apid.  1),  p.416. 
M.  intermedia,  No.  306  {Apid.  3,  Dipt, 

2),  p.  415. 
M.  palustris.  No.  307  {Lepid,  1,  Dipt.  1), 

p.  416. 
M.  silvatica,   No.   305  {Apid,    1,   Dipt. 

11),  p.  414. 
M.  versicolor,  p.  416. 
Myosums  minimus,  p.  73. 
Myriophyllum  spicatum,  p.  255. 
M.  verticillatum,  p.  255. 
Myrrhis    odorata,    No.    182    {Ifipf.     3, 

Coleopt.  1,  Hymen.  1,  Apid.  1),  p.  278. 

Naiadace^,  p.  567. 
Narcissus  Tazetta,  p.  560. 
Nardus  stricta,  p.  668. 
Nasturtium  amphibia.  No.  28  {Hjnnrn.  1, 
Dipt.  4),  p.  102. 
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Nasturtiam  officinale,  p.  101. 

N.  silvestre,  No.  27  (Hymen,  2,  Apid,  8, 

Dipt.  5),  p.  100. 
Neea  theifera,  p.  508. 
Keotinea,  p.  527. 
Keottia  Didus-ayis,  No.  881,  {Dipt,  1, 

[+  2]),  p.  581. 
Neottiese,  p.  529. 
Nepcta  Glechoma,  No.  849  {Apid.  21, 

nipt.  4,  Lepid.  8),  p.  484. 
Nerium  odorum,  p.  896. 
N.  Oleander,  p.  896. 
Nertera,  p.  304. 
Nes«ea,  p.  260. 
Nearocarpum,.  p.  214. 
Nigella  arvensiB,  p.  81. 
N.  damascena,  p.  81. 
Nigritella  angnstifolia,  p.  584. 
N.  suaveolens,  p.  584. 
Notylia,  p.  528. 
Nuphar  luteam,  No.  19  {Dipt,  1,  Coleopt, 

1),  p.  98. 
Nyctagineae,  p.  508. 
Nympnsea  alba,  p.  98. 
Nymphaeacese,  p.  98. 

OCYMUM,  p.  469. 

Odontites  lutea,  No.  881,  p.  447. 

O.  serotina,  No.  880  {Apid.  8),  p.  445. 

CEnanthe  fistulosa.    No.    187  (tHpt.   9, 

ColeofA.  1,  Apid,  8),  p.  281. 
(E.    Phellandrium,    No.    188   {Dipt,    7, 

CoUopt.  3«  Hymen,  7,  Apid.  2,  Lepid, 

1),  p.  281. 
CEnotnera  biennis.  No.  169  {Lepid.  n,  1, 

Apid.  6,  Syrph.  8),  p.  264. 
CE.  sinuata,^  p.  264. 
(E.  tenella,  p.  265. 
Oleaceffi,  p.  392. 

Omphalodes  verna  {Apid.  2),  p.  416. 
Onagrarieae,  p.  261. 
Oncidium,  p.  528. 
Onobrychis  sativa,  No.   116  {Apid.  22, 

Syrph.  1,  Lepid.  5),  p.  200. 
Ononis  spinosa,  No.  92  {Apid.  13),  p.  174. 
Onopordon  Acanthiam,  No.  255  {Apid. 

11,  Hymen,   1,  Lepid,  3,  Coleopt.  1, 

Hemipt.  2>,  p.  844. 
Ophiorhiza,  p.  304. 
Ophrydeaj,  p.  588. 
Ophr}'s  muscifera,  p.  534. 
Orchideap,  p.  527. 
Orchis  glubosa,  p.  539. 
O.  latifolia.  No.  884  {Apid.  12,  Dipt.), 

pp.  535,  539. 
0.  niacnlata.  No.  885  {B.  1,  Dipt.  4),  pp. 

535,  539. 
0.  mascula,  No.  382  {B.  8),  pp.  535,  539. 
0.  morio,   No.   383  {Apid.  9),  pp.  535, 

539. 
0.  tridentata,  p.  539. 
().  nstulata,  p.  539. 
Origanum  vulgare,   No.    342  {Apid.   5, 

Dipt.  12,  Lrpid.  2),  p.  475. 


Oryza  clandestina,  p.  568. 
Ojolideae,  p.  159. 
Oxalis,  p.  159. 
Oxybapnus,  p.  508. 

PjEONIA  MOUTAN,  p.  88. 

Palioros  acaleatna,  p.  163. 

Palmse,  p.  562. 

Pancratium  maritimnm,  p.  560. 

Papaver  alpinnm,  p.  94. 

P.  Argemone,  p.  94. 

P.Argemonoides,  p.  94. 

P.  dubinm,  p.  94. 

P.  bybridum,  p.  94. 

P.   Rhoeas,  No.  20  {Apid.   7,  Dipt.   1, 

Coleopt.  1,  Orthopt.  1),  p.  93. 
Papaveraoeae,  p.  98. 
Paradisia  Liliastmm,  p.  552. 
Parietaria,  p.  520. 
Paris  qnadnfolia,  p.  557. 
Pamassia  palostria,  No.  157  {If use  15, 

Hymen,  4,  Coleopt.  2),  p.  247. 
Passiflora  coerola,  p.  267. 
P.  racemoaa,  p.  268. 
Passifloreae,  p.  267. 
Pastinaca    satira,    No.    193    {Dipt.    7, 

Hymen.  7),  p.  284. 
PauUinia,  p.  164. 
Pavia  rabicunda,  p.  166. 
Pavonia  hastata,  p.  146. 
Pedicalaris  silvatica,  No.  333  {B.  6,  [+ 

1]),  p.  450. 
P.  verticillata,  p.  454. 
Pelargoniese,  p.  159. 
Pelargonium,  p.  158. 
Pemphis,  p.  261. 
Pentstemon,  p.  484. 
Periploca,  p.  402. 
Petasites  albus,  p.  884. 
Petroselinum  sativum,  No.  176  {Dipt,  8, 

Apid.  1),  p.  275. 
Peuccdanum  Cervaria,  No.  191  {DipL  4, 
Coleopt.   2,  Hymen.  15.   Apid.   6),  p. 
282. 
P.  graveolens,  No.  192  {Dipt.  15,  Byma^ 

25,  Apid.  6),  p.  288. 
P.  sativum.  No.  198,  p.  284. 
Phaseoleae,  p.  214. 
Pbaseolus  angulus,  p.  215. 
P.  Caracalla,  p.  215. 
P.  coccinens,  p.  215. 
P.  multifiorus,  p.  217. 
P.  vulgaris,  p.  216. 
Philadelpbiu8Coronarius(^pu2.  9,  Syrph. 

8,  CoUopt.  2),  p.  248. 
Phlox  paniculata.   No.   299   {Z^cpid    x 

Dipt.  2),  p.  407. 
Pbysianthus,  p.  400. 
Physostegia,  p.  489. 
Phyteuma,  p.  369. 

Picris  hieracioides.  No.  262  {Apid.  16, 
Hymen.  1,  Dipt.  9,  Lepid.  3),  p.  852.' 
Pimpinella  magna.  No.  180  {Apid.  2).  n. 
277.  * 
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Pimpinella  Saxifraga,  No.  181  (Dipt.  8, 

Coleopt.  4,  Hymen,  7,  Apid,  3,  Newropt. 

1),  p.  277. 
Pinguicula  alpina,  p.  466. 
P.  lusitanica,  p.  466. 
P.  vulgaris,  p.  466. 
Pinus,  p.  526. 
Pisonia  hirtella,  p.  508. 
Pisum  satiyum,  No.  126  (Apid,  8),  p.  211. 
Plantaginese,  p.  508. 
Plantago  alpina,  p.  506. 
P.  lanceolata,  No.  867  (Apid,  8,  Syrph, 

3),  p.  503. 
P.   media,   No.  368  (Apid.  6,  Dipt,  7, 

Coleopt,  4),  p.  506. 
Platanthera  buolia,  p.  533. 
P.  chlorantha,  p.  533. 
P.  solstitialis,  p.  533. 
Plectranthus  fruticosus,  p.  469. 
Plumbaginese,  p.  382. 
Plumbago,  p.  382. 
Poa  aunua,  p.  568. 
Poinsettia  pulcherrima,  p.  520. 
Polanisia.,  p.  114. 
Polemoniaceee,  p.  407. 
Polemonium  coenileum,  p.  407. 
Polycarpeie,  p.  138. 
Polycarpon  tetraphyllum,  p.  138. 
Polygala  alpestris,  p.  123. 
P.  Ctiamaebuxus,  p.  123. 
P.  comosa.  No.  50,  p.  122. 
P.  myrtifolia,  p.  123. 
P.  vulgaris.  No.  51  (Apid,  3,  Lepid,  1), 

p.  123. 
Potygalese,  p.  122. 
Polygonaceae,  p.  509. 
Polygonum  aviculare.  No.  374  (Syrph, 

3),  p.  515. 
P.  Bistorta,  No.  370  (Apid,  2,  Dipt,  6), 

p.  511. 
P.    fagopyrum,    No.     369    (Apid.     12, 

Hymen.  4,  Dipt.  21,  Lepid.  4),  p.  509. 
P.  lapathifolium.  No.  372  (Syrph,  3),  p. 

514. 
P.  minus,  No.  373  (Syrph.  4),  p.  514. 
P.  Persicaria,  No.  371  (Syrph,  7,  Apid. 

3,  Lepid,  1),  p.  512. 
P.  viviparum,  p.  512. 
Polystachya,  p.  528. 
Pomeie,  p.  238. 
Poutedena,  p.  561. 
Pontederiacese,  p.  561. 
Posidonia,  p.  567. 
Posoqueria  fragans,  p.  805. 
Potamogeton,  p.  567. 
Potentilla  anserina.  No.  141  (Hymen.  2, 

Apid.  2),  p.  233. 
P.  argentea,  p.  234. 
P.  atro-sangninea,  p.  234. 
P.  aurea,  p.  234. 
P.  caulescens,  p.  234. 
P.  fruticosa,  No.  142  (Apid.  2,  Hymen. 

,2,  Dipt,  15,  Coleopt.  2),  p.  233. 
P.  grandiflora,  p.  234. 


Potentilla  minima,  p.  282. 

P.  reptans,  No.  140  (Apid,  10,  Hymen. 

1,  Dipt,  1),  J).  232. 
P.  salisbuTffensiB,  p.  234. 
P.  tormenUlla,  No.  143  (Apid,  2,  Dipt, 

4),  p.  233. 
P.  vema.  No.   139  (Apid,  15,  Dipt,  9, 

Coleopt,  1),  p.  231. 
Potentuleffi,  p.  229. 
Poterieae,  p.  284. 
Poterium  Sanguisorba,  No.  146  (Vesp,  1), 

p.  236. 
Prenanthes,  p.  361. 
Primula  Auricula,  p.  383. 
P.  cortusoides,  p.  884. 
P.  elatior,  No.  288  (Apid,  9,  Dipt,  2, 

[Coleopt.  1]),  p.  384. 
P.  farinosa,  pp.  383,  385,  386. 
P.  iuteffrifolia,  p.  385. 
P.  involucrata,  p.  884. 
P.  long^flora,  pp.  383,  385,  386. 
P.  minima,  pp.  383,  385. 
P.  mollis,  p.  383. 
P.  officinalis,  p.  385. 
P.  scotica,  p.  383. 
P.  sikkimensis,  p.  384. 
P.  sinensis,  p.  383. 
P.  stricta,  p.  383. 
P.  verticillata,  p.  383. 
P.  villosa,  pp.  383,  385. 
P.  viscosa,  p.  385. 
Primulacese,  p.  383. 
Pringlea  antiscorbutica,  p.  106. 
Prostanthera,  p.  499. 
Proteacese,  p.  619. 
Pruneae,  p.  221. 
Prunella  ^p'andiflora,  p.  490. 
P.  vulgaris.  No.  355  (Apid.  8,  Lepid,  3), 

p.  489. 
Prunus  avium,  Cerasus,  domestica.  No. 

129  (Apid.  8,  Syrph,  3,  Lepid.  3),  p.  222. 
P.  communis  (P.  spinosa).  No.  127  (Apid, 

15,  Hymen,  1,  Dipt.  10,  Coleopt.   1)« 

p.  221. 
P.  Padus,   No.  128  (D'pt,  2,   Apid.  1, 

Coleopt.  1),  p.  211. 
Piilicaria  dysenterica,  No.  223  (Apid.  6, 

Syrph.  3,  Lepid.  3,  Coleopt.  1),  p.  324. 
Pulmonaria  angustifolia  (azurea),  p.  411. 
P.  officinaUs,  No.  304  (Apid.  12,  Syrph, 

3,  Lepid.  1,  [Coleopt.  1]),  p.  412. 
Pulsatilla  vernalis,  p.  71. 
P.  vulgaris,  p.  71. 
Pyrola  minor,  p.  382. 
P.  rotundifolia,  p.  382. 
P.  secunda,  p.  382. 
P.  uniflora,  p.  382. 
Pyroleae,  p.  382. 
Pyrus  Aucuparia,    No.    152   {Apid.  11, 

Hymen.  3,  Dipt.  14,  Cokopt.  18),  p.  239. 
P.  communis,  No.  161  (Dipt.  16,  Apid, 

7.  Hymen.  3,  Coleopt.  4,  Th.  1),  p.  239. 
P.  malus.  No.  160  {Apid.  9,  Hymen.  1, 

Dipt.  6),  p.  238. 
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RaDIOLA  LIN0IDE8,  p.  149. 

Kafflefda,  p.  517. 

Ranuuculacese,  p.  69. 

BanunculoB  acris,  bolbosna,  ramus,  No. 

7  {Dipt,  23,  Coleopt,    11,   Hymen,  4, 

Apid.  20,  Lepid,  4),  p.  76. 
R.  alpestru,  p.  74. 
R.   aquatilis,  No.  5  {Dipt.  6,  Apid.  2, 

Cokvpt.  1),  p.  74. 
R.  auricomus,  No.  10  {Apid.  8,  ffymen. 

1,  Dipt.  4,  Th.  1),  p.  78. 
R.  bull)08U8  ;  see  R.  acris. 
R.  ficaria.  No.  9  {Dipt.  4,  Coleopt.  1,  Th. 

1,  Apid.  8),  D.  78. 

R.  flamniula,  No.  6  {Dipt.  5,  Apid.  2, 

Lepid.  4),  p.  74. 
R.  glacialis,  p.  74. 
R.  lannginosus,  No.  8  {Dipt.  8,  Coleopt. 

2,  Hymen.  1,  ^^nci.  4),  p.  78. 
R.  moutanus,  p.  76. 

R.  parnassifollus,  p.  74. 

R,  pyrenaeus,  p.  74. 

R.  repeiis  ;  see  R.  acris. 

Raphauus  Raphanistnim,  No.  41  {Apid. 

1),  p.  113. 
Reseda  lutea.  No.  44  (Hymen.  4),  p.  116. 
R.  luteola,  No.  43  (Apid.  4),  p.  116. 
R.  odorata,  No.  42  {Apid.  8,  Hymen.  1, 

Dipt.  1,  Th.  1),  p.  114. 
Resedaceae,  p.  114. 
Rhamueee,  p.  163. 
Rhamnus  Frangula,   No.  86   (Apid,  3, 

Hym^n.  1,  Dipt.  1),  p.  168. 
Rheum  Rhaponticum,  p.  516. 
Rhinacanthiis,  p.  468. 
Rhinauthus  Alectorolophus,  p.  457. 
R.  ciTsta-galli,  No.  334  (B.  9,  [Lepid.  1]), 

p.  454. 
Rhododendron,  p.  382. 
Rhodoreae,  p.  380. 
Rhus  Cotinus,  No.  88  {Dipt.  6,  CoUopt, 

1,  Hymen,  6,  Apid.  4),  p.  166. 
R.  typhina,  No.  89  (Apid.  2,  Neuropt. 

1),  p.  167. 
Rhynchodia  jasniinoides,  p.  396. 
Rhynchospermum,  p.  396. 
Ribes  alpinum,  No.  158  {Apid.  6,  Dipt. 

8),  p.  249. 
R.  aui-eum,  p.  251. 
R,  grossulana.  No.  161  {Apid.  9,  Dipt. 

4),  p.  250. 
R.  nigrum,  No.  159  C^*.),  p.  250. 
R.  petrasum,  p.  251. 
R.  rubrum.  No.  160  (Apid.  3,  Hymen.  1), 

p.  250. 
R.  sanguineum,  p.  251. 
Ribesieai,  p.  249. 
Rohdea  japonica,  p.  551. 
Rosa  canina,  No.  148  {Apid.  6,  Syrj^.  2, 

Coleopt.  12),  p.  236. 
R.  Centifolia,  No.  149  {Apid.  10,  Hymen, 

8,  Syrph.  5,  Coleopt.  16),  p.  237. 
R.  rubiginosa,  p.  238. 
Rosacesp,  p.  221. 


Rosese,  p.  286. 

Roemannus,  p.  477. 

Rotala,  p.  261. 

Rubeffi,  p.  227. 

Rubiacese,  p.  801. 

Rubus  fruticosus.  No.    135   (Apid.   81, 

Hymen.  5,  Dipt.  12,  Coleopt,  15,  Lepid. 

4),  p.  227. 
R.  idseus.  No.  134  {Apid.  II,  Hynun.  2, 

Syrj^.  2,  Coleopt.  2),  p.  226. 
R.  ftaxatilis,  p.  228. 
Ruellia,  p.  467. 
Rumex  crispus,  p.  516. 
R.  obtusifoiius,  p.  516. 
Rutagraveolens,  No.  84  {Dipt,  19,  Hymeiu 

11,  Apid.  3),  p.  160. 
Rutaceae,  p.  160. 

Sabal  Adamsonj,  p.  562. 

Sagina  nodosa,  p.  187. 

SalicineaB,  p.  524. 

Salix  cinerea,  Caprea,  etc..  No.  378  {Apid, 

46,    Hepid.    8,    JHpt.    26,    Lepid.   8, 

Coleopt.  2,  Hemipt.  1),  p.  524. 
8.  herbacea,  p.  526. 
S.  repens.  No.  379  {Apid.  6,  ffymen.  1, 

Dipt.  2,  Lepid.  1),  p.  526. 
Salvia  sethiopica,  p.  479. 
.S.  argentea,  p.  479. 
8.  austriaca,  p.  488. 
S.  cleistogama,  p.  488. 
S.  glutinosa,  p.  481. 
S.  Grabami,  p.  480. 
S.  hirsuta,  p.  480. 
S.  lanceolata,  p.  480. 
S.  nilotica,  p.  482. 
S.  nutans,  p.  479. 
S.  officinalis.  No.  847  (Apid.   6,    [  +  2, 

Lepid.  1]),  p.  480. 
S.  patens,  p.  482. 
S.  pendula,  p.  479. 
S.  porphyrantha,  pp.  479,  481. 
S.  pratensis.    No.    346  (Apid.   4,    [  +  5, 

Lepid.  2]),  pp.  477,  479. 
S.  rubra,  p.  479. 
S.  Sclarea,  p.  479. 
S.  silvestris,  No.  848  {Apid.  1,  Hynien, 

1),  p.  483. 
S.  splendens,  pp.  480,  483. 
S.  triangularis,  pp.  479,  488. 
S.  tubiflora,  p.  483. 
S.  verticillata,  p.  482. 
S.  virgata,  p.  479. 
Sambucus  Kbulus,  p.  290. 
S.  nigra,  No.  199  {Dipt.  6,   Coleopt.   2), 

p.  290. 
Sanguisorba  officinalis.  No.  147  (Syrpfi^ 

2),  p.  236. 
Sanicnia  europaea,  p.  274. 
Santalaceop,  p.  520. 
Sapindacese,  p.  164. 
Saponaria  ocymoides,  p.  128. 
S.  officinalis.  No.  56  {Lepid.  n.  1,  [Lh'pl, 

1]),  p.  128. 
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Saponaria  yaccaria,  p.  128. 
Sarothamnus  scopanus,  No.  Ill  {Apid. 

6,  Hyrph,  1,  CoUopt.  2),  p.  195. 
Satareia  hortensis,  p.  476. 
Sauasorea,  p.  361. 
Saxifraga  aizoides,  p.  245. 
S:  crassifolia,  p.  243. 
S.  oppositifulia,  p.  245. 
S.  sarmentosa,  p.  243. 
Saxifragace®,  p.  243. 
Saxifrage®,  p.  243. 
Scabiosa  arvensis,   No.    211   (Apid.  84, 

Hymen.  4,  Dipt.  15,  Lepid.  11,  CoUopt, 

12),  p.  309. 


S.  atropurporea,  p.  311. 
ia,  No. 
4),  p.  315 


S.  Columbaria, 


213  {Apid.  2,  Dipt. 


S.  lacida,  p.  315. 

S.  succisa,  No.  212  (Apid.  14,  Dipt.  11, 

Lepid.  5,  CoUopt.  1),  p.  813. 
Scaevola,  p.  364. 
Scbizanthus,  p.  428. 
Schombur^kia,  p.  527. 
Scilla  mantima,  p.  554. 
Scirpus  palustris,  p.  567. 
Scitaminese,  p.  542. 
ScleraQthus  perennis,  p.  509. 
Scopolina,  p.  427. 
Scrophalaria  aquatica,  p.  436. 
S.  nodosa,  No.  322  ( Fesp.  5,  Apid.  4),  p. 

434. 
Scrophularinese,  p.  429. 
Scutellaria  galericulata,  No.  350  (Lepid. 

1),  p.  486. 
Secale  cereale,  p.  568. 
Sedum  acre,  No.  162  {Apid.  11,  Hymen. 

2,  Dipt.  2),  p.  251. 
S.  album,  p.  253. 
S.  atratum,  p.  254. 
S.  reflexum.  No.  l^Z(Apid.  1,  Syrph.  I), 

p.  253. 
S.  repens,  p.  254. 
S.  TelepMum,  No.  164  (Apid.  5,  Hymen. 

1,  Dipt.  1),  p.  253. 
Selaginefie,  p.  468. 
Sempervivum,  p.  254. 
Senecio    Jacobsa,    No.   238  (Apid,    16, 

Hymen.  1,  Dipt.  18,  Lepid.  3,  CoUopt. 

1,  Hemipt.  1),  p.  835. 
S.  vulgaris.  No.  239,  p.  336. 
Senecionideie,  p.  333. 
Serapias,  p.  533. 
Serjauia,  p.  164. 
Serratula  tinctoria,   No.  256  (Apid.   1, 

Lepid.  1),  p.  345. 
Sherardia  arvensis,  p.  304. 
Sibbaldia  procumbens,  p.  234. 
Sideritis  romana,  p.  488. 
Silaus  pratensis,  No.    189    (Hym^n.  2, 

Apid.  1),  p.  282. 
Silene  acaulis,  p.  129. 
S.  inflata,  p.  129. 
S.  nutans,  p.  129. 
S.  rupestris,  p.  129. 


Sileneffi,  p.  125. 

Silpliium,  p.  361. 

Silybum,  p.  861. 

Sinapia   arveuaM,    Ko.    40   {Syrpk.    \ 

Hymen,  1,  Aj^,  8,  O^ktfL  1»   fyi'rf. 

1),  p.  112. 
Siphocampylus  bicolor,  p.  865w 
Sisymbrium  Alliaria,  No.  85  {Apid,  1, 

Dipt.  8,  CoUvpt.  8),  p.  109. 
S.  officinale,  No.  86  {Apid,  1,  Lepid,  2), 

p.  109. 
Slum    latifoUum,    No.   178    {Dipi,    20, 

CoUopt.  3,  Hymen,  8,  Hemipt,  1),  p. 

276. 
Solanacese,  p.  425. 
Solauuiu  Dulcamara,  No.  818  (Syrph,  1), 

p.  426. 
S.  nigrum.  No.  814  (Syrph,  2,  Apid,  2), 

p.  426. 
S.  tuberosum.  No.  ^12  (Syrph,  2),  p.  425. 
Soldauella,  p.  889. 
Solidago  canadensis,  No.  216  {Dipt,  5),  p. 

321. 
S.  virga-aurea,  No.  215  {Apid,  6,  Syrph, 

2,  Lepid.  1),  p.  820. 
Sonchus  arvensis.  No.    276   {Apid,   11, 

Dipt.  4,  Lepid.  1,  CoUopt.  2),  p.  861. 
S.  oleraceus.  No.  275  {Syrph,  8,  Depid.  1), 

p.  361. 
Specularia  perfoliata,  p.  869. 
Sinraea    Aruncus,   No.    182    {Apid.    1, 

Hymen.  2,  Dipt.  2,  CoUopt.  4),  p.  224. 
S.  Filipendula,  No.  181  (Apid.  2,  Syrph. 

4,  CoUopt.  1),  p.  223. 
S.   salicifolia,  sorbifolia,   ulmifolia.  No. 

133  {Dipt.  42,  Hymen.  14,   Apid.  17, 

CoUopt.  21,  Neuropt.  2,  Lepid,  2),  p. 

224. 
S.  ulmaria.  No.  130  {Apid.  3,  Hymen.  8, 

Syrph.  9,  CoUopt.  7),  p.  222. 
Spirseae,  p.  222. 
Spiranthes  autumnalis,  p.  529. 
Stachys    Betonica,    Na    854  {Apid.    1, 

Dipt.  2,  Lepid.  1),  p.  487. 
S.  germanica,  p.  487. 
S.  palustris,  No.  353  {B.  3,   Syrph.  2, 

Lepid.  3),  p.  487. 
S.  silvatica.  No.  352  (Apid.  6,  Syrph,  1, 

[+  1]),  p.  486. 
Stapelia,  p.  401. 
Statice,  p.  382. 
Stellaria  cerastoides,  p.  136. 
S.  CTaminea,  No.  64  (Syrph.  1),  p.  133. 
S.  Holostea,  No.  65  {Dipt    7,   Apid.   6, 

Hymen.  1,  CoUopt.  2,  Lepid.  1,  Th.l), 

p.  135. 
S.  media,  No.  66  {Apid.  6,  Dipt.  4,  Th. 

1),  p.  135. 
Stepbanotis,  p.  401. 
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Strobilanthes,  p.  467. 
Stylidieap,  p.  364. 
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Hymen.  2,  Dipt.  21,  Lepid.  7,  Colcopt. 
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1,  Dipt.  3,  Lepid.  1),  p.  475. 
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1,  Dipt.  9),  p.  146. 
Tiliaceee,  p.  146. 
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Hymen.  6,  Apid.  1,  Lepid.  1),  p.  286. 
Tozzia  alpina,  p.  458. 
Trachelium,  p.  369. 
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Trientalis  europaeum,  p.  392. 
Trifolium  alpestre,  p.  186. 
T.  alpinum,  p.  186. 

*^  arvense,  No.  101  {Apid.  11,  Hymen. 
[L<^.  1]),  p.  186. 
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187. 
T.  nivale,  p.  186.  * 
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187. 
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Lepid.  2]),  p.  181. 
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2,  Coleopt.  1),  p.  333. 
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Urticace«,  p.  520. 
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[+  1]).  p.  373. 
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Lepid.  1,  Coleopt.  1),  p.  307. 
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431. 
V.  nigrum.   No.  317  {Apid.  6,  Dipt.  4, 

Lepid.  1,   Coleopt.  1,  Th.  1,   Xeuropi 

1),  p.  429. 
V.  phoeniceum.  No.  318  {Apid.  5,  Syrvh 

1),  p.  430.  ^' 
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y.  Cracca,  No.  117  {Apid,  13,  [Hymen, 
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y.  canina.  No.  49   {Apid,  8,   Dipt,   1, 

Lepid,  2),  p.  121. 
y.  comuta,  p.  119. 
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yoandzeia,  p.  215. 
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